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I. INTRODOCTION

I4
This report presents the fourth annual summary of research at Ohio

State sponsored by the Joint Services Electronics Program (JSEP). The

research is in the area of electromagnetics and the specific topics are:

I(1) Diffraction Studies; (2) Hybrid Techniques; (3) Antenna Studies;

(4) Time Domain Studies; and (5) Transient Signature Measurements of

Radar Targets for Inverse Scattering Research.

--The fo6itg sections summarize the significant accomplishments of
the program _(SerSP--NT and the research by work unitjS.Sion III).

I Researchers and their publications are listed under each work unit. A

listing of the present research programs at the Laboratory and all

reports and papers published by the Laboratory during the past year are

J given in the appendices.

I

I

I
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11. SIGNIFICANT ACCOMPLISHMENTS

The study of the Uniform Geometrical Theory of fiffraction continues

to be one of our major efforts. This work is basic to the development of

computer codes for calculating the patterns of reflector antennas and an-

tennas on aircraft, missiles, satellites, ships and in other environ-

ments and for calculating the radar cross section of a wide range of

objects. In the present period, significant contributions were made in

radiation and scattering from impedance loaded surfaces, radiation from

antennas mounted close to edges, radiation from ante'inas on or near

structures with vertices (corners) and scattering from finned cylinders

of finite length. -The radiation studies are helping us to develop more

general computer codes on other programs for the analysis of antennas on

or near complex structures such as ships and planes. The scattering work

is helping on programs involving radar cross section studies and target

identification.

Using combined (iTi and moment method (hybrid) techniques, a

numerically derived solution has been obtained for diffraction from a

perfectly-conducting planar surface which is smoothly terminated hy a1

circular cylinder. The solution is valid not only in the region away

from the refraction boundary, hut also in the region near to it. This

solution is very useful in optimizing practical terminations to flat

plate structures such as horn antennas. It is now a straightforward

procedure to design a horn antenna with curved edges for a specified -
side-and back-lobe level in the E-plane. The curved transition also

helps to match the wavegulde feed to the horn and the aperture of the



I horn to free space resulting in substantially improved bandwidth and VSWR

compared to a conventional horn.

Many practical antenna applications involve monopole-type antennas

I mounted near the edge of a complex surface or structure. 'A solution has

j been obtained for a wire antenna mounted near a wedge of arhitrary angle

or near a corner, and surface patch modelling of complex shapes has been

j extended by development of a non-rectangular, or polygonal, patch model.

These developments are being used to improve moment method computer codes

I on other programs for analyzing antennas on complex structures such as

buildings, planes and ships.

In the area of time domain studies, we are predicting scattered

waveforms for objects of increasing complexity, finding target-dependent

excitation waveforms and processing algorithms'to identify and optimize

j responses from specific targets, and determining effects of noise and

signal bandwidth on the detection and identification of radar targets.

This work has direct application to non-cooperative target recognition.

The free space scattering range at The Ohio State University

ElectroScience Laboratory has been modified and calibrated to obtain

I. accurate polarization matrix information on selected reference targets

including a 2:1 cylinder, a 2:1 cylinder with spherical cap, a 2:1 oblate

Ispheroid and a 4:2:1 ellipsoid. .The computer-controlled measurement
[ process includes a no-target measurement and measurements of at least two

reference spheres along with every measurement set. For each target and

[ aspect angle, the frequency is stepped over a complete microwave band

(1-2 GHz, 2-4 GHz, 4-8 GHz and 8-11 GHz) as complex cross-section data

I are recorded and stored. Computer data processing is done as a separate

1 3



step and involves subtraction of the signal scattered from support

pedestal and background along with normalization and linearity checks

using the reference spheres at each frequency.

Nine graduate students have been involved with this program over

the past year and over the past three years, with the support of this

program, there have been 7 students granted the M.Sc. degree in

Electrical Engineering and 7 students granted the Ph.D. degree in

Electrical Engineering.

4
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I
III. RESEARCH SUMMARY

A. Diffraction Studies

Researchers: R.G. Kouyoumjian, Professor (Phone: (614) 422-7302)

I P.H. Pathak, Research Scientist and Adjunct

Assistant Professor

N. Wang, Senior Research Associate

R. Tiberio, Visiting Professor

I T. Jirapunth, Graduate Research Associate

i M. Buyukdura, Graduate Research Associate

S. Goad, Graduate Research Associate

Accomplishments

I During the present contract period, the work accomplished in

extending the uniform geometrical theory of diffraction (UTD) has been

substantial. This research, and the technical papers based on this

research which have recently appeared (or have been accepted for

publication) are described below.I
1. Diffraction at Convex Surfaces

a. Perfectly-conducting surfaces

I Following the paper "On a Uniform GTD (UTn) Analysis of the

Scattering of EM Waves by a Smooth Convex Slurface" by Pathak, Burnside,

and Marhefka, which was published late last year in the September 1980

issue of the IEEE Trans. on Antennas and Prop., the UTD solutions to two

I5
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other related problems have been developed. In the aforementioned paper,

the source and the observer are both positioned off the smooth convex

surface. Thus, the IITl solution descrihed in that paper is commonly

referred to as the "scattering solution". The two other related problems

of interest and importance which have been analyzed recently are those

for which only the source or the observer lie on the surface, and also

for which the source and observer are both on the surface, respectively.

The problem corresponding to the case when the source or the observer is

off the surface is commonly referred to as the "radiation problem";

whereas, the one dealing with the source and observer on the surface is

referred to as the "coupling problem". The solution to the radiation

problem is useful and important for analyzing the radiation patterns of

antennas on a smooth convex surface such as an aircraft, spacecraft, or a

missile. Likewise, the solution to the mutual coupling problem arises in

,he analysis of arrays of antennas placed conformally on smooth convex

surfaces such as those described above.

The UT ray solutions to these important radiation and coupling

problems have been obtained and described in the two additional papers

which have recently appeared in print; in particular, these most recent

publications are:

"A Uniform Tnl Solution for the Radiation from Sources on a

Perfectly-Conducting Surface" by P.H. Pathak, N. Wang,

W.fl. Rurnside, and R.G. Kouyoumjian; TEFE Transactions on Antennas

and Propagation, Vol. ?, No. 4, July iR1, pp. 6flq-6?1.

6'
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"Ray Analysis of Mutual Coupling Retween Antennas on a Convex

Surface", by P.H. Pathak and N. Wanq; IFEE rdnsactions on Antennas

and Propagation, Vol. 29, No. 6, November 1QRI, pp. QlI-Q?2.I
The above mentioned IJT solutions for scattering, radiation, and

I mutual coupling, which are associated with antennas radiating in the

presence of an arbitrary, smooth perfectly-conductinq convex surface

represent an important and useful contribution to the area of ray methods

j for analyzing the EM radiation and scattering from complex structures.

It is noted that the effects of surface ray torsion on the diffracted

jfields are explicitly identified in these solutions. Here, the

diffracted fields are associated with surface rays as well as with rays

shed from the surface rays. It is noted that the surface rays traverse

geodesic paths on a convex surface. nn an arbitrary convex surface,

these geodesic surface ray paths are in general torsional (i.e., they

possess non-zero torsion). Some typical numerical results for-the ITfl

based radiation pattern and mutual coupling calculations for antennas on

a smooth convex surface which appeared in the two recent papers are shown

in Figures A-1 to A-6.

It is clear from Figure A-4 that the agreement between the IlTn

f solutions and corresponding measurements is very good for the complex

spheroidal shape. nf course, the agreement between the 11Tn solutions and

I exact (eigenfunction) series solutions for the circular or elliptic

cylinder and cone geometries is also excellent as shown in Fiqures A-I,

A-2, A-5, and A-6. The present llTn solutions for couplinq are marked as

OSIJ solutions (with the legend XXX) in Figures A-5 and A-6. The IIl and

7
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G-S-PR solutions shown in these figures for comparison correspond to

those of S.W. Lee (IEEE Trans. AP., Vol. 26, No. 6, pp. 76R-773, Nov.

1978), and of Golden, Stewart, and Pridmore-Rrown (IFFE Trans. AP., Vol.

22, pp. 43-48, lq74), respectively. The reader is referred to nur

aforementioned paperdealing with the IT) analysis of mutual coupling for

further details on the comparisons of these different solutions.

h. The radiation and scattering from cylindrical surfaces

with a dielectric coating of uniform thichness

A study of the electromagnetic radiation and scattering from a

conducting surface with dielectric loading is of great interest in that

it provides an understanding of the effects of the loading on the

scattered fields. An important application of coatinq is to control

I the electromagnetic scattering characteristics from conducting hodies

such as an aircraft, missile, satellite, etc. Also, it is useful in

predicting the radar cross-section of structures made of composite

materials or conducting hodles coated with dielectric materials.

In the case of a conducting surface coated with a thin layer of

dielectric with a uniform thickness, the surface can he conveniently

viewed as an impedance surface with a constant surface imiedance. This

simplified surface-impedance model of a coated cylinder has heen studied

during the first year of a three-year research program for the hasic

diffraction studies. te have developed a high frequency solution for the

problem and were able to predict the resonance phenomena of the radar

cross-section of a circular cylinder with a constant surface impedance.

It was found that surface waves with almost pure imaginary propagation

| 11
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constant traverse around the cylinder surface with very low attenuat'on,

and interfere with each other constructively such that they add in phase

to give the distinctive resonance phenomena in the radar cross-sectinn.

Numerical values for the propagation constant of the sujrface wave, which

are related to the Reqqe poles of the impedance cylinder, have been

found. Also, a criterion for predicting resonance has been established

and the correlations between the resonance, the Regge poles, and the

natural frequencies of the impedance cylinder have been demonstrated.

It should he noted that the surface-impedance model is valid only

for low loss thin dielectric sheets over the conducting surfaces. For a

coating with moderate thickness, a more accurate approach should he

pursued. nuring the second year of a three-year research program, work

has been in progress to investigate the radar cross-section of a

conducting cylinder coated by a dielectric layer of uniform thickness.

Using the standard Watson's transformation techniques, the riqorous

eigenfunction solution for the coated circular cylinder is cast into a

ray solution. The hackscattered field from the coated cylinder,

illuminated with an incident plane wave, is obtained by summing the

geometrical-optics contribution and the surface-wave contributions which

include all the multiply-encircling surface waves. The parameter of

fundamental importance associated with surface-wave fields is the

propagation constant of the surface wave. The propaqation constant is

related to the Regqe poles of the coated cylinder. Ry a combination of

numerical procedures, these Reqqe poles were obtained by solving the hiqh

frequency approximation of a transcendental equation.

1?
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Once the dominant Regqe poles are known, the surface-wave

contributions to the backscattered field of a coated cylinder are

readily determined. Summing the geometrical-optics and the surface-wave

i contributions, the normalized hackscattering width of a coated cylinder

is calculated as a function of frequency. The thickness of the

dielectric coating t is held to he constant in its electric length in

Iterms of the free-space wavelength Xo. Figure A-7 presents the numerical

values of the normalized echo width as a function of ka, where a is the

Iradius of the conducting cylinder. The results obtained from the

eigen-function solution are also plotted in the figure. One observes the

excellent agreements for large ka between the high-frequency ray solution

and the eigenfunction solution. It should he noted that only the

dominant surface wave is employed in the calculation, however all the

J multiply-encircling rays are included in a selfconsistent fashion.

Another example is illustrated in Figure A-8. Rackscatterinq width is

presented for a perfectly conducting cylinder coated with a dielectric

layer of thickness t/xo = 0.41, and the relative dielectric constant

Er is equal to 2.56. Roth the TE and TM cases are included. With only

the dominant surface wave contribution included, the agreement between

the high frequency ray solution and the eigenfunction solution is still

satisfactory. The possibility of improving the ray solution by including

[higher-order surface waves and/or using a more accurate high frequiency
approximation to the transcendental equation needs to he further

I investigated.

1
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Work is now in progress to investigate the histatic scattering and

radiation from the coated cylinder. Emphasis will he placed on the

development of a solution in the transition region around the shadow

boundaries.

c. Partially coated perfectly conducting surfaces

Two papers are being prepared on the subject of asymptotic high-

frequency radiation from a magnetic line source or a magnetic line dipole

I located on a uniform impedance surface which partially covers a

perfectly-conducting surface. This work is of interest in the study of

fuselage mounted airborne slot antennas where, for example, it may he

desired to increase the radiation near the horizon or shadow boundary.

These papers which will be submitted shortly for puhlication are:I
"An Approximate Asymptotic Analysis of the Radiation from Sources

on Perfectly-Conducting Convex Cylinders with an Impedance Surface

Patch" by L. Frsoy and P.H. Pathak; to he submitted for publication

( to the IEEE Transactions on Antennas and Propagation.

I "Ray Analysis of the Radiation from Sources on Planar and

Cylindrical Surfaces with an Impedance Surface Patch" by P.M. Pathak

and L. Ersoy; to be submitted to J. Radio Science.

I In the second paper, the impedance surface is assumed to he such that it

always supports a surface wave mode for a given source. The surface wave

diffraction effects are calculated via the Uniform GTn (or 1ITN) which

employs uniform diffraction coefficients. The latter are found from the

Wiener-Hopf solutions to canonical problems of surface wave diffraction
| 17
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by a planar two-part surface. The first paper removes the limitations

placed in the analysis pertaining to the second paper in that it is also

valid for impedance surfaces which do not support a surface wave-type

mode.

A natural extension 6f the work reported in the first paper is to

treat the corresponding scattering problem where the source is no lonqer

positioned on the surface with the impedance patch (or, alternatively,

this structure may be illuminated by a plane wave). A study of the

scattering from such a surface is of value in that it provides an under-

standing of the effect of the impedance loading on the scattered fields.

An interesting application is to control the electromagnetic scattering

from conducting bodies such as an aircraft, missile, or a satellite, etc.

Also, it is useful in the radar cross section calculations of structures

made of composite materials or of conducting bodies coated with absorber

materials.

An additional topic of interest which has been analyzed recently via

ray methods is the diffrction by a strip with two face impedances when

illuminated at grazing. While the analysis of backscattering from a

strip with two face impedances has heen performed for special cases; the

present analysis is valid for all aspects including the forward scatter

direction when the strip is illuminated at grazing (or at edge on). It

is noted that the analysis in the forward scatter direction for grazingj

incidence is complicated because the diffraction from thp leading edge

produces a non-ray optical field at the trailing edge; consequently, theJ

diffraction of this non-ray optical field from the trailing edge to yiield



a contribution to the field diffracted in the forward direction must he

j handled carefully. Here, the diffraction of the non-ray optical field is

analyzed via a spectral extension of the geometrical theory of

I diffraction. A paper has been recently written which describes this

work; namely:

"Scattering by a Strip with Two Face Impedances at Edge On

I Incidence", by R. Tiberio, F. Ressi, Gi. Manara, and G. Pelosi,

submitted for publication to J. Radio Science.

d. Slope diffraction for convex suirfaces

A tITD solution for the scattering of EM waves hy a convex surface

illuminated hy a ray-optical field with a slow spatial variation at and

I near the point of diffraction on the shadow boundary has been developed

as discussed in part (a). This solution has now been extended to the

case where the incident field has a rapid spatial variation near this

point. This analysis would be useful in studying the effects on antenna

patterns resulting from the diffraction by convex bodies, e.g., the

shadowing effects of an aircraft-fuselage on the radiation from a wing or

tail mounted array, or of a ship mast on the radiation from a nearby

I shipboard antenna.

The extension has been carried out for the circular cylinder hy

considering the illumination of that cylinder by a line dipole source (in

f the two-dimensional case) or by a point dipole source (in the three

dimensianal case) in which the dipole is oriented so that its field

vanishes at the point of diffraction. As a part of the future work,



this solution will he generalized later to three-dimensional geometries

where the rapidly-varying incident electromagnetic field emanates from a

point source in the presence of an arbitrary, smooth,

perfectly-conducting convex surface.

Some typical numerical results based on the ITO slope diffraction

solution for the circular cylinder are shown below in Figures A-, ard

A-10. The excitation for these cases is a point electric current source

in Figure A-9, and a point magnetic current source in Figure A-inf. In

these figures, the elevation angle (6) between the radiation direction

and the cylinder axis is fixed while the azimuth angle (€) changes from

0o to 3600. The source orientation for the calculations in Figures A-q

and A-in is chosen such that the incident field (i.e., the source pat-

tern) vanishes at one of the points of grazing incidence on the cylinder;
I

consequently, the incident ray field is rapidly varying at that point of

grazing incidnece. For these cases, the ordinary IITn analysis would

predict no diffraction from the point of grazing incidence at which the

incident field has a pattern null; whereas, the slope diffraction

solution correctly predicts the effects of the diffraction of this

rapidly varying incident ray field. The tfTn slope diffraction solutions

in Figures A-9 and A-10 are compared with the corresponding exact

eigenfunction solutions; indeed, the agreement is very good, thereby

indicating the accuracy of the IITD slope result associated with the

diffraction of a rapidly varying field by a cylinder.

20I
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2. Extensions of Edge niffraction

a. Edge illumination by non ray-optical fields

i) Source close to an edge

In the conventional form of the Uniform GTn, it is assumed that the

Iincident field is a ray-optical field, which implies that it is polarized

iin a direction perpendicular to the incident ray. In general, this

requires that the source of the incident field he sufficiently far from

the point of diffraction so that the component of the incident field

parallel to its ray path (the component in the radial direction from the

I source) is negligible at the diffraction point. However, in some

applications this is not the case, e.g., a monopole antenna may he

mounted at or very close to the edge of a ship or the edges of wings and

stabilizers. This case is also of interest in the development of the

Hybrid GTn/Moment Method solution, where it is desired to calculate the

i input impedance of a wire antenna close to an edge.

An asymptotic solution for the diffraction of the fields of electric

and magnetic dipoles close to the edge of a wedge has been ohtained.

I The analysis proceeds as done ezrlier in developing improved wedge

diffraction coefficients [1i, except that the radial component of the

[ incident field is included which makes it necessary to include higher

order terms in the asymptotic approximation. In the present U1niform GTn

expression, the field point must he far from the point of diffraction on

I

[



the edge. An attempt is being made to overcome this limitation by

representing the field of a dipole close to the edge by a spectrum of

plane waves. The resulting integral representation for the diffracted

dipole field would then he asymptotically approximated to obtain the

desired solution. It should be noted that the field close to the edge

can be calculated for plane wave illumination.

A second method for removing the aforementioned limitation is to

employ a convergent, spherical wave representation for the field of a

dipole close to an edge. The solution enables us to calctilatpe edge

diffraction in the paraxial region, where the present asymptotic solution

fails. It is hoped that the spherical wave solution can be combined

numerically with the asymptotic (or IITfl) solution so that we will have a

more useful computational algorithm for edge diffraction.

From the local behavior of edge diffraction, one expects to be able

to extend these results to curved wedge geometries and to use them to

calculate the radiation from complex structures.

ii) Transition region fields incident on the edge

Several papers have been written on the diffraction by a pair of

nearby, parallel edges, where one edge lies on the shadow boundary of the

other. A configuration of this type may be a part of practical antenna

and scattering geometries. The solution to this problem requires an

extension of the Uniform flTD, which is valid only for ray-optical fields

incident on the edge, because the shadow boundary field illuminatinq the

second edge is not a ray-optical field. These papers are:
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I
"An Analysis of niffraction at Edges Illuminated by Transition

I Region Fields" by R. Tiherio and R.G. Kouyoumjian; suhmitted

to J. Radio Science.I
"Calculation of the Hiqh-Frequency niffraction hy Two Nearby

f Edges Illuminated at Grazing Incidence" by R. Tiberio and

R.G. Kouyoumjian; submitted to the IEEE Transactions on Antennas

I Propagation.

h. Edge-excited surface rays

I A paper entitled "A Uniform GT Analysis of Edqe-Excited Surface

Rays" by P . Pathak and R.G. Kouyoumjian is being written; it will he

m submitted to the IEEE Transactions on Antennas and Propagation.

This paper describes a Uniform GTn (or IlTn) analysis of surface

diffracted rays which are excited hy a curved edge in an otherwise smooth

i convex surface. Such a curved wedge configuration occurs as a part of

many practical antenna and scattering shapes, e.q., the base of conical

I and cylinderical structures, and the trailing edge of wings and

Istahilizers.
The excitation of surface waves on a convex surface can he

I associated with an "equivalent current" located at the edge. The

strength of this equivalent current is shown to he directly related to

I the field of the edge diffracted space ray. Its strength is fixed to its

value at the shadow boundary when calculating the surface diffracted

field in the shadow region, whereas it changes according to the

i Kouyoumjian-Pathak edge diffraction coefficient fi when calculating the

i i II5 I



field in the lit region (i.e., on the lit side of the surface shadow

boundary). Thus, in the lit region, this solution reduces uniformly to

the usual edge diffracted space ray field outside the surface shadow

boundary transition region even though it depends on the nature of the

convex surface near the edge for field points in the shadow as well as

the lit portions of this transition region. The present solution does

not include the case where there is a confluence of edge and curved

surface shadow boundaries; this case is being investigated and it forms a

part of the future research. A hybrid GTn-MM solution to this problem

is also proposed in a separate work unit (Hybrid Techniques); the hybrid

solution should provide a useful check on the asymptotic solution and it

is currently in progress.

The present solution can he readily extended to the concave surface

of a curved wedge. The equivalent edge currents are now used to

determine the field of the mixture of space rays and whispering gallery

modes which have been prescribed by Felsen F3j. Note that the space rays

are, in general, multiply reflected from the concave surface.

c. Slope diffraction for edges

If the field incident on the edge of a perfectly-conducting wedge

does not have a rapid spatial variation transverse to the direction of

incidence, the diffracted field is directly proportional to the field

incident at the Pdge, and it can he calculated using the Kouynum.jian-

Pathak edge diffraction coefficient rpj. However, if the field incident

6



I
on the edge has a rapid spatial variation, a second term is required.

This is proportional to the spatial derivatives of the incident field at

the edge and is known as the slope diffraction term. The slope

diffraction term ensures that the spatial derivatives of the pattern

function are continuous at the shadow and reflecting boundaries, so that

there are no "kinks" in the calculated high-frequency pattern. The need

for a higher order term of this type may also arise in the case of

diffracticn at a convex surface, as was pointed out in Section Id.

We have employed several methr to obtain the dyadic slope

diffraction coefficient for an ordinary wedge, and although this

coefficient has been reported in the literature C4], its derivation has

not been published. Recently, some higher order terms, which are

proportional to the second spatial derivatives of the incident field,

have been obtained., Also, we have attempted to generalize our

expression for slope diffraction to the curved wedge, i.e., a wedge

formed by intersectir. curved surfaces. However, in making some careful

checks, it has been found that the expression is noticeahly in error at

the reflection boundary of a curved wedge in some cases. We are

presentlj trying to solve this problem.

d. niffraction by a thin dielectric half-plane

The diffraction by a thin dielectric half plane is an important

canonical problem in the study of the diffraction of electromagnetic

waves by penetrable bodies with edges. The excitation for this problem

can he either an electromagnetic plane wave, or a surface wave incident

along the dielectric surface; both types of excitation are considered.

I7



For sufficiently thin dielectric half planes, solutions hased on the

Wlener-Hopf technique can be obtained if one approximates the effect of

the thin dielectric slab by an impedance boundary condition. This

analysis begins by bisectinq the semi-infinite dielectric half plane by

an electric wall in the first case, and by a magnetic wall in the second

case. The problem of plane (or surface) wave diffraction by the

dielectric half plane is then constructed by appropriately superimposing

the corresponding solutions for the electric and magnetic wall

bisections, respectively. This procedure is expected to yield a

dielectric half plane diffraction coefficient which is far more accurate

than that obtained recently by Anderson for the case when the incident

plane wave electric field is parallel to the edge of the thin dielectric

half plane [5], because the latter analysis employs an approximate

"equivalent" polarization current sheet model for the thin dielectric

half plane. The approximation in [51 contains only a part of the

information present in the more general approach being employed in our

work; consequently, it is found that the analysis in [1 yields i

diffraction coefficient which is valid only for an extremely thin

dielectric half plane. Furthermore, the equivalent polarization current

approximation leads to a more complicated Wiener-Hopf analysis when the

magnetic field is parallel to the edge; the latter case has not been

treated by Anderson [si. It is also noted that the Wiener-Hopf factors

for the case treated hy Anderson [51 do not appear to he well behaved for

near edge on plane wave incidence cases. In contrast, the Wiener-Hopf

factors being employed in our work are based on Weinstein's factorization

procedure [6] which overcomes the difficulties present in [Sl.
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At the present time, the diffraction coefficients for the

two-dimensional case of both TE and TM plane and cylindrical wave

excitation of the thin dielectric half-plane have been obtained, and they

are being tested for accuracy. The case of TE and TM surface wave

j excitation of the thin dielectric half-plane is currently being analyzed.

It is expected that this part of the study will be completed in the year

J ahead. In addition, the extension of the two-dimensional solutions to

treat the three-dimensional problems of one diffraction of obliquely

inietpae oiaadshrclwvsb hndeeti
i half-plane are also being investigated as a part of the future work on

this important problem.

Some preliminary numerical results for the TE and TM cylindrical

wave diffraction by a thin dielectric strip which are hased on the

I present 1JTD solution are shown in Figures A-11 and A-12. The 1iTfl based

1 results in Figures A-11 and A-i2 are compared with an independent

numerical moment method solution of an integral equation for this line

source excited dielectric strip geometry. It is noted from these figures

that the total IJTI) field is continuous at the shadow and reflection

boundaries as it should be; furthermore, the very close agreement between

the totally independent IM~f and moment method solutions is indeed

grati fyi ng.

[ The present IiTfl solution is in a form which suggests an ansatz for

extending the thin dielectric half-plane diffraction coefficient to the

case of a moderately thick dielectric half-plane. This extension and the

extension to the three-dimensional case can he huilt up from the two-

1 dimensional solutions.
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3. Vertex Diffraction

In many practical antenna problems one encounters situations where

an antenna radiates in the presence of finite, planar structures with

edges which terminate in a vertex (or corner), e.g., an antenna radiating

in the presence of a finite, rectangular ground plane. Also, flat platos

with edges are used in the modeling of aircraft wings and vertical or

horizontal stabilizers for analyzing on-aircraft antenna patterns. In

the above problems, the antenna pattern is affected by the diffraction of

electromagnetic waves not only by the edges but also by the vertices or

corners. A major effort in the analysis of vertex diffraction is planned

as described in the paragraphs to follow.

A formally exact eigenfunction solution has been obtained earlier at

the ElectroScience Laboratory [71; however, this solution is not given in

terms of simple functions and it is therefore quite difficult to

implement in the GTf format. Nevertheless, this convergent solution is

of great value in numerically checking very approximate high-frequency

solutions obt3ined by asymptotic methods. More will he said about this

later in this section.

Approximate, asymptotic high-frequency solutions to the vertex or

corner diffraction problem have been presented for the acoustic case

[8,91. While these solutions constitute a first step in obtaining useful

solutions, they are not uniform in that the vertex diffraction

coefficient obtained is not valid along the vertex and edgk. shadow

boundaries where the edge and vertex diffracted fields assumc their

greatest magnitude and importance. Some initial work on vertex

diffraction recently pursued at the ElectroScience Laboratory has led to
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a simple, approximate vertex diffraction coefficient which appears to

work reasonably well for certain cases. However, this result has been

obtained heruistically, and it needs to be improved in order for it to he

I useful in the general situations encountered in practice; nevertheless,

this diffraction coefficient offers some clues for constructing the more

refined and useful vertex diffraction coefficient, which we expect to

obtain from asymptotic analysis.

The canonical geometry presented in Figure A-13 locally models a

I typical vertex in a finite, planar, perfectly-conducting surface. In

general, a vertex in a planar surface is formed by the intersection of

two otherwise smooth, curved edges which constitute two of the other

boundaries of the surface. The angle a, shown in Figure A-13, is the

internal angle enclosed by the tangents at the vertex to each of the two

I intersecting curved edges.

The asymptotic high-frequency analysis of electromagnetic vertex

I diffraction is rather complicated. Vertices not only shadow the incident

field, but they also shadow the edge diffraction fields. The shadow

boundary of an edge diffracted field is a conical surface whose tip

I coincides with the vertex and whose axis is an extension of the shadowed

edge. The vertex introduces a diffracted ray which penetrates the shadow

I regions; moreover, the vertex diffracted field must also compensate the

( discontinuities in the incident and edge diffracted fields at their

shadow boundaries. At these boundaries the vertex diffr~acted field

Iassumes its largest magnitude and, hence, its greatest importance. If

the vertex diffracted field is omitted in the GTfl solution, then

I substantial discontinuities connected with the shadowing of the incident
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Figure A-13. Various rays associated with the diffraction of waves by
a plane angular sector.

and edge diffracted fields may occur in the calculated radiation

pattern.

The high frequency solution to this canonical prohlpm may he

carrie(i out hy asymptotically evaluating an integral representation for

the fields scattered by the plane angular sector. The current on the

plane angular sector which appears in the integral for the scattered

field may he approximated hy the local half-plane currents near the

edges, the geometrical optics currents in the interior region, and a

component near the vertex. The latter component can he expressed as the

first few terms of the eigenfunction solution F71 or hy an approximate

quasi-static solution which is valid near the vertex. The asymptotic

evaluation of the inteqral representation for the scattered field would

he based on the method of stationary phase. Three types of critical
34



points shown in Figure A-13 are involved; an interior point OR associated

with the geometrical optics reflected field, edge points 01 and 0?

associated with the edge diffracted fields, and a critical point at the

vertex 0O, associated with the vertex diffracted field. The rays

associated with these different field contrihutions also are used to

treat the case where there is a confluence of these critical points. It

is hoped that the transition function associated with this confluence is

reasonably simple, otherwise one must settle for a solution which is

partially uniform; i.e., there would he one solution valid in the

transition regions of the shadow and reflection boundaries, and a second

solution valid outside the transition regions where the critical points

are isolated. To be useful, the two solutions must overlap.

As was mentioned earlier, a convergent solution would he valuable in

checking the diffraction coefficient obtained by the method of the

preceding paragraph. Therefore, it is proposed that the dyadic Green's

function for the plane angular sector he determined accurately. it will

be seen that this largely reduces to an eigenvalue problem of the Lame'

equati ons.

To find the dyadic Gireen's function we begin by expanding it in

terms of a complete set of vector wave functions which are solutions of

the vector wave equation along with the radiation condition and the

boundary conditions at the surface of the sector. The vector wave

functions are in turn expressed in terms of scalar wave functions which

are solutions to the scalar wave equation with the appropriate boundary

conditions. Roth Neumann and flirichlet type boundary conditions must he

satisfied to yield a complete set of vector wave fuinctions. The final

35



step of the solution involves separating the scalar wave equation in the

sphero-conal coordindte system. The resulting separated equations

include the spherical Ressel equation and two Lame' equations (one with

periodic boundary conditions and the other with nonperiodic ones) which

are coupled through the two eigenvalues which are actually the separation

constants. It is precisely these eigenvalue pairs which serve as the

summation index of the free space dyadic Green's function solution.

The solution is thus ultimately reduced to solving for the eigen-

values and eigenfunctions of the separated Lame' equations. It is then a

straightforward procedure to construct the vector wave functions and

hence the free space dyadic Green's function. fnce this is found, one

can proceed to investigate a wide variety of problems because of the

versatility and general nature of the Green's function solution.

There is no known closed form solution to the Lame' equations and

one is therefore attracted to an infinite series solution. Farlier work

used Fourier sine and cosine series representations, hut these resulted

in the need to solve two simultaneous infinite continued fraction

equations for the eigenvalues and eigenvectors. This solution proves to

be numerically formidable, and indeed, almost impossible for higher order

eigenvalues because of the rapidly varying nature of the continued

fractions. More recently, it has been suggested that associated Legendre

functions he used as a basis set in one of the Lame' equations. This

appears to result in some reduction of the aforementioned difficulties.

Still, however, one is faced with some sort of two dimensional search

involving complicated simultaneous equations. This recent work suqgests

that it may he possible to find appropriate sets of hasis functions for
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the solutions to the Lame' equations which would result in a decoupling

of the two-dimensional nature of the problem into one that requires

solving two one-dimensional problems independently. Alternatively, this

I decoupling might he achieved by calculating the eigenvalues of the

gtwo-dimensional Reltrami operator. These eigenvalues are one of the pair

of eigenvalues of the coupled Lame' equations. Efficient procedures for

determining these eigenvalues are currently under investigation.

The numerical procedures for the eigenvalues of the plane angular

Isector problem can be readily generalized to treat the elliptical cone,

so that the diffraction by a perfectly-conducting elliptical cone can he

examined at a later phase in this study.

I 4. Finned Cylinders

A high-frequency analysis is being developed for analyzing the back-

scatter from a perfectly-conducting finite length circular cylinder with

f identical planar fins placed equally apart near one of its ends. This

configuration is illuminated by an arbitrarily polarized electromagnetic

Iplane wavP which is obliquely incident on the cylinders. Away from the

l nose-on and tail aspects, an approximate solution to this problem can be

synthesized from the Uniform GTD (UTn) solutions to two related problems;

namely, the backscatter from a finite length circular cylinder without

fins, and the backscatter from a two-dimensional circular cylinder with a

Isingle fin. The solution to the first problem employs the unliform edge

diffraction coefficients given by Kouyoumjian and Pathak Fr2. This

solution remains valid even within the caustic regions (near nose-on and

I tail aspects) for the finite cylinder; also, the diffraction from the two

ends of the cylinder properly combine to yield a hounded and continuous
37



field for aspects at and near broadside. The other solution for the

two-dimensional circular cylinder with a fin also employs the uniform

edge diffraction coefficient together with a recently developed uniform

solution for the diffraction by a convex cylinder qiven by Pathak Fnil.

The total backscattered field would then consist of the IfTn fields

backscattered by the finite cylinder alone and a "modified" physical

optics result for the field backscattered from each of the visible fins.

In the latter case, the fin contribution essentially consists of the tIT

fin scatter result pertaining to an effective ?-n cylinder with a fin,

but modified by a factor that accounts for the 3-n nature of the fin.

Thus, the important field interactions between the fins and the cylinder

are taken into account in contrast with the previous high frequency

treatment of this problem. Calculations of the echo area based on this

solution will eventually be compared with measured values. Typically,

three or four finned cylinders are being studied in this work. Some

preliminary results of this work are presented in Figures A-14, A-IS, and

A-16 for the case of normal incidence on a circular cylinder with a

single fin. Figure A-14 indicates the geometry of the problem; whereas,

Figure A-15 indicates the various rays which are employed in the solution

of the problem.

It is also of importance and interest to extend this work in the

later phases of this study to calculate the echo area for near nose-on or

tail aspects. In particular, the nose section of the finite cylinder

will also he modified to include a conical shape. For near nose-on and

tail aspects, the interactions between the fins and the cylinder would

occur within the paraxial region of the cylinder. While the construction
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of a rigorous asymptotic solution for the paraxial case is not a simple

I task, some other useful techniques will he considered to analyse this

case. Such techniques could include a Kirchhoff type procedure which

I

I
U. INCIDENT PLANE

WAV E

CIRCULARI CYLINDER

gFigure A-14. Plane wave excitation of a circular cylinder with a fin.

I
(a) ()(C) (d)

Iol
Figure A-15. Fnominant rays reflected and diffracted by the fin-cylinder

configuration. Additional fin-cylinder ray interactions
which may be important if the fin and/or the cylinder are
not too large in terms of the wavelenqth are not shown.
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would employ the surface currents within the paraxial region reported

recently by Pathak and Wang, who obtained the s~irface fields of sources

on an arbitrary convex surface (see Section 1a).

5. Caustic Field Analysis

The (GTI is a very convenient and accurate procedure for analysing

high frequency radiation, scattering, and diffraction problems. However,

the GTD suffers from a limitation inherent in ray methods; namely, it

* cannot be employed directly to evaluate fields at and near focal points

or caustics of ray systems. The field at caustics must, therefore, be

found from separate considerations [11,12],

In certain problems such as in the diffraction by smooth, closed

convex surfaces or by surfaces with a ring-type edge discontinuity, it is

I possible to employ the GTD indirectly to evaluate the fields in the

caustic regions via the equivalent ring current method [13,14]. However,

even the equivalent ring current method fails if the incident or

reflection shadow boundaries contain a caustic.

The recently developed uniform GTF) (or UTD) soluti3n for the

scattering and diffraction of waves by a convex surface as described in

Section la offers clues as to how it may be employed indirectly to obtain

the far zone fields in caustic regions where the surface is illuminated

by a distant source. In the latter case, the shadow boundary and caustic

transition regions tend to overlap. The far zone fields in the near

axial direction of a closed surface of revolution illuminated by an

axially directed plane wave can be expressed in terms of an equivalent

ring current contribution plus a dominant term which may he interpreted
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as an "effective aperture integral". The latter integral can be

evaluated in closed form. In the near zone, where the shadow boundary

and caustic directions are sufficiently far apart, only the equivalent

ring current contribution remains significant. This solution will he

extended in later parts of this study to include more general cases of

non-axial incidence and also arbitrary, closed convex surfaces.

Another problem which is also of importance, and which is of a

nature somewhat similar to that of the problem of near-axial diffraction

by a convex surface of revolution, is the problem of the radiation from

open ended waveguides of circular or elliptic cross-sections. These

waveguides are commonly used as feeds for reflector type antennas or

phased array antennas; furthermore, they are also used as probes for near

field measurements. In the circular wavequide case, the circular

waveguide mode fields can he decomposed into an equivalent set of ray

fields near the edge of the open end of the waveguide. The

equivalent-ray system forms a cone about the waveguide axis and these

rays diffract from the edge (or rim) at the open end; thus, there is a

corresponding shadow and reflection boundary cone (for each waveguide

mode) which exists outside the open ended circular wavequide. In

addition, the axis (of the waveguide) is a caustic of the rays diffracted
11

from the edge (or rim) at the open end. Thus, the rays diffracted from

the edge (or rim) of the open ended wavequide must remain valid across "

the transition regions associated with the nearby axial caustic direction

and the shadow (and reflection) boundary directions. A solution to this

problem has been recently obtained in a form which closely resembles the

solution for the problem of near-axial diffraction by a convex surface of
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revolution. This solution will he reported in the near future. While

extensions to treat the radiation from open ended elliptic wavequides are

not planned, the basic approach should he similar to that employed for

I the circular waveguide case.

Additional problems of interest which are presently heing studied

deal with the calculation of the field reflected from a concave surface.

j In this case, caustics of the reflected rays can occur at some point

along the reflected ray path. The field as predicted by ray (qeometri-

I cal) optics would again not he valid in the caustic regions; in fact, it

would be singular at the caustics. It would be useful, therefore, to

develop a separate solution which remains valid in the caustic regions

j via an asymptotic evaluation of the radiation integral for the reflected

field. At first, a two dimensional problem wouil he treated for

Isimplicity, and the currents on a finite concave reflector would he

approximated by physical optics. The radiation integral over these

Icurrents can then he asymptotically evaluated to yield the field at and

J near the caustic. Eventually an attempt should be made to arrive at

useful expressions for the fields near caustics associated with three

dimensional concave reflecting surfaces. The latter problem is of

Interest in the analysis of scanning reflector antennas and for

I synthesizing feed distributions for such antennas. It is also of

interest in the design of subreflectors. A study of these topics will he

continued in the future.

I Two other important examples which exhibit interesting caustic

effects occur in the problem of radiation and mutuial coupling associated

1 43



with antennas on a smooth convex surface. These prohlems also will be

investigated in the future with a view towards analyzing the caustic

region fields; the fields away from caustic have been determined at the

present time as described in Section Ia.

6. Time-domain GTD

The development of a time-domain version of the flTf in terms of pro-

gressing waves is of value because some of the advantages of the Unl in

the frequency domain carry over directly to the transient analysis. For

example, the method may be applied to complex shapes which occur in

practice and the resulting solution in terms of ray contributions easily

can be identified with the radiation mechanisms involved (reflection,

edge diffraction, surface diffraction, etc.). These transient solutions

may be used to determine the response of objects exposed to FMP or to

study problems connected with target identification. Also, it is often

possible to test and compare high-frequency solutions more conveniently

by inversely transforming them to the time domain.

Recently, time domain edge diffraction coefficients have heen

obtained so that the early time diffracted fields or induced surface

current and charge densities can be calculated directly in the time

domain by means of progressing waves. The fields or currents and charges

are represented as the sum of a geometrical optics contribution and

contributions from rays singly- and doubly-diffracted from the edges.

This approach was used to find the early time surface currents and *
charges on a strip and the early time transient radiation from the end of

a parallel plate wave-guide. However, it is also desirable to apply the
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time domain GTD to scatterers with curved edges, such as circular discs

and cylinders. In these cases a caustic may occur on the diffracted ray

path, and this in turn results in a more causal expression for the field

of the diffracted ray even at distances far from the caustic. Work on

the latter problem will go on into the future phases of research on time-

domain GTD along with studies to extend time-domain GTFl to ohtain

adequate early- and intermediate-time solutions for transient fields

reflected and diffracted from convex surfaces.I
Publications and Presentations

1. Articles

Please refer to the section entitled "Accomplishments", which

describes the progress to date on the research topics together with the

list of publications.I
2. Oral Presentations

a. "Near and Far Field Airborne Antenna Pattern Analysis", by

ji P.H. Pathak, W.J. Rurnside, N. Wang, and T. Chu; paper pre-

sented at the IEE International Conference on Antennas and

Propagation which was held at the University of York, 11.K.,

during April 13-16, I91.

b. "An Asymptotic High Frequency Analysis of the Radiation From

Sources on Perfectly-Conducting Structures with an Impedance

Surface Patch", by P.H. Pathak and L. Frsoy; paper presented at
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the TEE International Conference on Antennas and Propagation

which was held at the University of York, U.K., during

April 13-16, 1981.

c. "High Frequency Scattering by a Thin nielectric Slab", hy w.D.

Rurnside and P.H. Pathak; paper presented at the IEF Interna-

tional Conference on Antennas and Propagation which was held at

the University of York, 1.K., during April 13-16, 198I.

d. "Ray Analysis of EM Rackscatter from a Jet Intake

Configuration", by P.H. Pathak and C.C. Huang; paper presented

at the IEEE International Antennas and Propagation Symposium

which was held at the Ronaventura Hotel, Los Angeles,

California, during June 16-19, IRl. I
3. Invited Lectures

"The New Geometrical Theory of Diffraction", presented by

R.G. Kouyoumjian at the Courant Institute of Mathematical Sciences,

New York University, New York, November 6, 1981. I
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R. Hybrid Techniques

Researchers: W.n. Rurnside, Research Scientist and Associate

Professor (Phone: (614) 422-5747)

P.H. Pathak, Research Scientist and Adjunct Assistant

I Professor

C. Chuang, Senior Research Associate

Accomplishments

furing the current phase of hybrid GT-MM studies, work was devoted

Sto obtaining a solution of the diffraction coefficient for a curved

surface/curved surface junction which has a discontinuity in curvature.

l Consider the two-dimensional radiation protlem shown in Figure R-1.

A line source at P radiates in the presence of a conducting convex

cylinder. A high frequency ray formulation of the total radiated field

has been obtained by Pathak [11. For simplicity, assume that the radius

of the conducting cylinder is a constant, a. The total field at Pa and

Ps are given as follows:

Us(PL) - U5(PL) + Us(OR) Rs e-jkX
h h h h! I

I s(PS) - U (01) T
s e'Jks

h h h.T"-

I where the subscripts s and h denote the soft and hard cases, the

superscript i denotes the direct incident field from the source, and

I
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Figure R-1. High frequency radiation of a line source in the presence nf
a conducting cylinder.
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I M =(ka/2) 1/3
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LW
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Ed = M
Ld = ss

IXd =kLd(0)2

2M2

F()= Jj e-it dt
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However, if there is a discontinuity in the radius of curvature of

the conducting cylinder, an additional ray field must he added to the

above formula to yield the total radiated field. As shown in Figure R-7,

the radius of curvature of the conducting cylinder changes from al to ap

at point n. The total field at PL includes a direct ray, a reflected ray

and a diffracted ray due to the discontinuity in the radius of curvature

of the conducting cylinder. The direct ray and reflected ray fields are

the same as given in (1) with "a" replaced by al or a2 , depending on the

radius of curvature of the conducting cylinder at the point of reflection

OR. The reflected ray field is discontinuous across the reflection

boundary defined by * = w - *. In order that the total field he

continuous everywhere, the diffracted ray field must also be

discontinuous across the reflection boundary and the discontinuities in

the reflected ray and diffracted ray fields must exactly compensate each

other. A diffracted ray field has the format

0(pL - i )  n e-jkp 2

h

where Ds is defined as the diffraction coefficient due to the discon-
h

tinuity in curvature. An approximate solution of the diffraction

coefficient has been obtained as ii
'J C()F(XI) - Cs(t2)F(X 2)

e -e w 4  h h
s cos* + cosf*h
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where

Cs ({I, 2  :V al ii f(I/2) L F(X)+MI, qs ((1,2)}

h alT h

Se-J- 4 -j(C 1 , 2 )3/12

E1,2 = -2MI, 2 cos (O-E)2

MI, 2  = (kai2/2)I1/3

= I
L = PP,

P+P '

X = 2kL cos 2

ka, 2 (cosO + cosI)?
X l , = -

2 [sin,(I +[a 1 2  sin-) + sin,(1 + r , - sino)

This diffracted ray field has the desired feature at the boundary of

reflection, i.e., that it is discontinuous across the reflection boundary

and compensates the discontinuity in the reflected ray field. Further-

more, away from the reflection boundary, the diffraction coefficient is

proportional to (I _ 1 ), which agrees with [21. Although the constant

al ap
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of proportionality is different from that in [21, the diffracted field

generally is small away from the reflection boundary where the reflected

field dominates. Thus, the sliqht error can be neglected. Further im-

provement will he obtained in the future.

Publications

I
1. C.W. Chuang and W.D. Burnside, "A Diffraction Coefficient

I for a Cylindrically Truncated Planar Surface", IEEE Trans on

Antennas and Propagation, vol. 28, pp. 177-182, March j9Rn.

2. W.D. Burnside and C.W. Chuang, "An Aperture-Matched Horn

IDesign", accepted for publication in IEEE Trans. on Antennas
and Propagation.

3. W.D. Burnside and C.W. Chuang, "Diffraction from Cylindrically

Truncateu Planar Surface with Application to an Aperture-

fMatched Horn Design", IEE Antennas and Propagation Conference

publilction, No. 15q, part 1, pp. 367-372, April Ig1.

Presentations

I
"Diffraction from Cylindrically Truncated Planar Surfaces With

f Application to an Aperture Matched Horn Design", hy W.D. Rurnside

and C.W. Chuang, paper presented at the IEE International Symposium

Ion Antennas and Propagation which was held at the 11niversity of

" York, U.K., during April 13-16, 1qR1.
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C. Antenna Studies

IResearchers: Dr. E.H. Newman, Research Scientist (Phone: (614)

i 422-4999)

Dr. P.H. Pathak, Research Scientist

I flr. R.J. Garhacz, Associate Professor

N. Inagaki, Visiting Research Associate

i P. Alexandropoulos, Graduate Research Associate

i M. R. Schrote, Graduate Research Associate

P. Tulyathan, Graduate Research Associate

I f.M. Pozar, Graduate Research Associate

Accomplishments

The work on antenna studies encompasses three distinct areas of

I research:

1. Development of new surface patch moment

I method solutions.

2. Eigenfunctions of hermitian iterated operators.

[ 3. Eigenfunction expansions of the dyadic Green's

function.I
This work will now he briefly reviewed.

1. New Surface Patch Moment Method Solutions

I fur past work has centered on the moment method snlution for

[ structures consisting of perfectly conducting plates and wires. The user
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oriented computer codes, based upon this work, are capable of analyzing

the radiation and scattering (i.e., radar cross-section) from a wide

class of antennas on ships, aircraft, land vehicles, etc. The basic

philosophy is that the wires are interconnected to form the antenna

(i.e., a dipole, loop, etc.), while the plates are interconnected to form

the support structure (i.e., a ship, aircraft, etc.). Thus, if one can

treat wires and plates, one has the ability to treat a wide variety of

wire antennas mounted on or near a highly conducting support structure.

Initially, we developed the techniques F1,?2 and an associated

user-oriented computer code [3l for analyzing:

1. thin wires

2. rectangular plates

3. plate-to-plate intersections

4. wire-to-plate intersections at least n.lx from an edge

5. open or closed surfaces

The code can compute currents, impedance, efficiency, far-zone radiation

patterns, and radar cross-section (hack or bistatic scattering).

While the existing code is a very powerful and general purpose tool,

it has two shortcomings which limit it's generality. First, it can not

treat wires attached closer than about O.ix from a plate edge. Second,

the plates must he rectangular. Thus, it would he difficult to model the

swept wing of an aircraft or the pointed how of a ship. We have

developed fundamental solutions to both of these problems f4-71, although

these techniques at present have not been Integrated into a general

purposed user-oriented code.
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Our past work has dealt solely with perfectly conducting plates.

Our present and future work deals with plates of finite conductivity.

The finite conductivity of the plates is modeled via a surface impedance,

including the case where the surface impedance of the top surface is

different from that of the bottom surface of the plate. The techniques

will permit one to analyze such problems as the losses in finitely

conducting plates, or an absorbitive coating on one or both sides of a

plate. Such coatings can significantly alter the radiation and

scattering from the structure.

To treat open finitely conducting surfaces, it is essential to know

how the current distributes hetween the top and bottom surfaces of the

plate. This is the initial problem we have been treating before the

finitely conducting plates can be treated. Very briefly, one can compute

the sum current, i.e., the sum of tChe currents on the top and bottom

surfaces of the plate by solving an electric field integral equation.

One can compute the difference current, i.e., the difference between the

top and bottom currents, using a magnetic field integral equation. Once

the sum and difference currents are known it is straight-forward to

compute the top and bottom currents. Figure C-1 shows a ?XL square plate

in the xz plane. A z polarized plane wave hits the plate from the

broadside direction. Figure C-I shows the sum, difference, top, and

bottom currents (normalized to the physical optics current) along the

line x=O, O<z<?X. Note that the difference cuirrent is constant and eqiual

to the physical optics current. Also note that the top (illuminated
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Figure r-1. Currents on a ?A square plate, normalized to ?IHincl,
i.e., the physical optics current.
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side) current exceeds the bottom (shadowed side) current. However, the

bottom current is not negligible.

While computinq the top and bottom currents on a perfectly

conducting plate is an interesting theoretical problem, it has limited

practical use. Thus, it must be emphasized that it is being done as a

first step in the solution of finitely conductinq plates. The ability to

treat finitely conducting plates is a problem of great practical

importance, especially with the recent emphasis on the control of the

radar cross-section of military objects.

2. Eigenfunctions of Hermitian Iterated Operators

J Problems of analysis and synthesis of radiating systems require

appropriate functions in which to expand a source distribution and the

associated radiated field. To be most useful it is desirable that such

functions be suitable for source and field representations

simultaneously, that they be complete and that they be orthogonal in some

sense over both the source and field region of interest. Tn the familiar

case when the regions of the source and the field coincide with

coordinate surfaces or coordinate systems in which the Helmholtz equation

is separable, the corresponding eigenfunction representation is valid for

both the source and the field.

We have considered the general case where the region of observation

does not necessarily coincide with the source region, resulting in

orthogonal properties over more general regions than the body surface and

the sphere at infinity. An investigation of th~e validity of Parseval'c

relation for a more general operator equation than a Fourier transform
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leads us to an eigenvalue equation of the Hermitian iterated operator,

whose solutions shall he called eigensources and the radiated fields of

which shall be called eigenfields. An eigensource and an associated

eigenfield each satisfies an orthogonality property simultaneously but,

in general, over different regions of space. The sets of eigensources

and eigenfields can then he used as convenient basis functions with which

to solve various problems systematically.

The method has been applied to the optimization of an array under

given constraints and for the determination of aperture distributions

transferring maximum power to a second aperture. In the latter case, the

eigenfunctions arising from the present theory are shown to he the

prolate spheroidal functions. In the case where the eigenequation is

developed from a current source flowing on a closed surface and the

component of the corresponding electric field tangential to the same

surface, we are led to eigencurrents and eigenfields which differ from

characteristic modes (which involve the same two quantities); whereas a

characteristic current and a characteristic field display differing

amplitude distributions but maintain a constant phase relationship over

the surface, the eigencurrents and eigenfields introduced here display

similar amplitude distributions but maintain a complex conjugate phase

relationship over the surface. nnly when the surface corresponds to a

coordinate of the coordinate systems where separability applies do the

characteristic functions and the eiqenfunctions of the Hermitian iterated

operator coalesce to become one and the same such as in the case of the

circular conducting cylinder and conducting sphere.
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I
During the past interim, four papers were written for publication

3. Figenfunction Expansion of the Dyadic Green's Function

We have studied a simple method for obtaining the complete

eigenfunction expansion of the electric and magnetic fields, p and ,

respectively, which are produced by a time harmonic electric point

current source that may radiate in the presence of boundaries. As a

result of the point source excitation, this expansion of T and H auto-

matically yields the complete eigenfunction expansion of the

corresponding electric and magnetic dyadic Green's functions, Ge and

Gm, respectively. As a first step in this method, the T field which is

valid everyplace outside the source point is constructed in terms of only

the solenoidal eigenfunctions via well known techniques. This solenoidal

expansion denoted by ' also directly yields the complete eigenfunction

expansion of IT, and hence of Gm. It is shown in a general fashion that

the delta function correction to ' which is necessary for obtaining the

complete eigenfunction expansion of - or Ge (that remains valid at the

source point) is directly available from the relation governing the

discontinuity in H across the source point, without having to know iR

(and ') explicitly, if one employs an elementary result from

distribution theory. The method has been applied to finding Ge and Gm

for some typical interior (wavequide and cavity) and exterior

electromagnetic problems.
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D. Time Domain Studies

Researchers: n.L. Moffatt, Associate Professor (Phone: (614)

422-5749)

E.M. Kennaugh, Professor Emeritus

J.S. Bagby, Graduate Research Associate

Introduction

The general goals of our reserach in the time domain have been de-

tailed previously [1] and will not be repeated here. Briefly, the

application of time domain concepts and methods to vector and scalar

radiation and scattering problems yields tremendous diagnostic and

interpretive insight. We seek to exploit this insight for the improved

detection and recognition of a signal or signals in active radar and

other applications. The integration of all available reliable measured

or calculated radiation or scattering data for an object into a single

set of real time-dependent waveforms which uniquely sum up the

characteristics (electromagnetic or scalar) of the object at all

frequencies and for all excitation waveforms describes the impulse

response concept. A natural consequence of the impulse response

viewpoint was the suggestion, in 1965 [21, that an approximate lumped

parameter model of the scattering characteristics of an object was

feasible. The complex natural resonances of spherical and prolate

spheroidal objects were exploited by Hill [31 in Iq71 in a prediction-

correlation procedure for improved detection and target recognition.

Since that time much of our research effort has been directed toward

improved techniques for finding the complex natural resonances of
66
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additional classes of object shape and toward an optimization of the

I excitation waveform for object recognition. One such waveform, the

K-pulse, was formally described by Kennaugh in a recent publication [41,

although the basic idea was detailed much earlier [51. The existence of

j the K-pulse, which has the essential property of duration or memory for

distributed parameter systems, means the K-pulse cannot he correctly

modeled by the SEM expansions currently in vogue [41. It appears that

there is not complete agreement on this point among SEM advocates.

AccomplishmentsI
It is felt that the publications and presentations listed under

Publications and Presentations clearly demonstrate that our research is

significant, of interest to the scientific community, and is being widely

I disseminated.

Perhaps the single most significant new development has been the

formal definition and illustration of the K-pulse and its resulting

commentary on SEM expansions. It should be noted that these results have

absolutely no bearing on our established method of tarqet recognition

using dominant complex natural resonances and prediction-correlation

processing. That is, the K-pulse may be an improved approach to object

recognition for certain applications but it does not negate the earlier

method.

[ 1. Natural Resonances, Surface Waves and Geometrical Procedures

rThe K-pulse concept provides a means of relating surface waves on a

structure to the complex natural resonances of the structure. Examples
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have been given for the conducting sphere, circular cylinder, prolate

spheroid and a thin straight wire. A recent thesis by Ragby [51 has

extended this concept to various wire configurations such as wire

crosses, circular ioops and straight bent wires. Procedures have also

been developed for the circular disk and the elliptic cylinder. A report

based partially on the above thesis is in preparation. For wire

geometries, improved estimates of the junction transfer functions and end

coupling are being studied. For solid objects there are, in some cases,

numerous geodesic paths which must be considered. Some additional

research is needed to at least partially improve techniques for selecting

those paths of importance from a natural resonance viewpoint.

2. The Circular Disk

The thin circular disk is an attractive object for the development

of the K-pulse. First, the object has edges, a case which has not yet

been handled. Second, exact far zone scattering results for the disk are

available. It has been found that for broadside incidence excellent

rational function fits of the scattering function can be obtained which

hold up to disk circumferences of five wavelengths. Similar results for

other aspects and two principal polarizations should permit good complex

natural frequency estimates which can then be compared to the resonances

obtained using GTn and a geometrical procedure. Estimates of the K-pulse

for the disk would then extend the concept to a new class of target.
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3. Transient Currents on a Spherical Scatterer

I A report is in preparation on the transient currents induced on a

j spherical scatterer when illuminated by a plane wave with "shock-type"

time dependence. A solution of the spherical scattering problem is not

1 new, or course, but the transient current waveforms and more particularly

the simple corrections needed to improve the physical optics

I approximation are new. Such corrections are important because many

I solutions to the inverse scattering problem start with the physical

optics estimate. Transient waveforms of the exact minus the physical

optics estimate, vividly illustrate precisely how the approximation is

failing in the "lit" region of the sphere. These difference waveforms

I also suggest the form of the necessary correction.

4. Duct Configurations

f Analytical studies of the electromagnetic scattering by open and

truncated circular waveguides initiated and reported on this program

1 [1,6], are presently being pursued on another contract*. In particular,

approximate time domain models for the impulse response waveforms are

being studied. It is anticipated that this work will not be completed in

so far as time domain models, particularly for non-circular ducts and

realistic internal structures, are concerned. It is still intended to

complete the time domain aspects of these studies but the research has

been deferred pending completion of the other contract*

*Project 712661, prepared under contract F19628-80-C-0056 for Department
of the Air Force, Electronic Systems Division, Air Force Systems Command,

Hanscom Air Force Base, Massachusetts.
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5. Uniform Methods for K-Pulse Estimation

There are two general methods which have been used to estimate the

K-pulse for a linear system, scatterer or radiator. The first method

analyzes the signal propagation over a closed path, using the net

distortion and attenuation to predict complex oscillation frequencies or

poles associated with the path. These poles are used to estimate a

K-pulse as the finite-duration waveform whose transform zeros coincide

with the given pole string. The uniform estimation of an entire function

with specified zeros, or more directly the inverse transform or pulse

function, has been investiqated. Thus far, methods for direct estimation

have been successful when the pulse is hounded at all hut a finite set of

points. We are presently investigating the case in which one or more

singularities or known form arise at the endpoints of the pulse interval.

A second method for K-pulse estimation models the propagation path

by a non-uniform transmission line. Treating the non-uniform line as a

discrete combination of homogeneous sections, the K-pulse of the system

is derived as a combination of finite pulse trains, tending in the limit

to a sampled estimate of the continuous K-pulse. This method has been

successfully applied to transmission lines with varying shunt or series

resistive loadings and to lines representing dielectric panels with non-

uniform dielectric. A report, "The K-Pulse of Non-uniform Lines",

describing the estimation of K-pulses for non-uniform lines is in

preparations. Some of the results of this work have already been "

published [4].
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Publications and Presentations

D.L. Moffatt, J.D. Young, A.A. Ksienski, H.C. Lin, and C.M. Rhoads,

"Transient Response Characteristics in Identification and Imaging",

IEEE Trans. on Antennas and Propagation, Vol. AP-2q, No. 2, March

1981. Invited.

D.L. Moffatt, "Ramp Response Radar Imagery Spectral Content", IEEE

Trans. on Antennas and Propagation, Vol. AP-29, No. 2, March 1981.

E.M. Kennaugh, "The K-Pulse Concept", IEEE Trans. on Antennas and

Propagation, Vol. AP-29, No. 2, March 1981.

L.C. Chan, D.L. Moffatt, and L. Peters, Jr., "Improved Performance

of a Subsurface Radar Target Identification System Through Antenna

J Design", IEEE Trans. on Antennas and Propagation, Vol. AP-29, No. 2,

March 1981. Invited.

L.C. Chan, D.L. Moffatt, and L. Peters, Jr., "Subsurface Radar

r Target Imaging Estimates", IEEE Trans. on Antennas and Propagation,

Vol. AP-29, No. 2, March 1981.

E.M. Kennaugh, "Polarization Dependence of RCS - a Geometrical

Interpretation", IEEE Trans. on Antennas and Propagation, Vol.

I AP-29, No. 2, March 1981.

E.M. Kennaugh, "Opening Remarks", IEEE Trans. on Antennas and

Propagation, Vol. AP-29, No. 2, March 1981. Invited.
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Three additional papers have been accepted for puhlication:

E.M. Kennaugh and n.L. Moffatt, Comments on "Tmpulse Response of a

Conducting Sphere Based on Singularity Expansion Method", accepted

for publication in the Proceedings of the IEFF.

1.L. Moffatt and C.M. Rhoads, "Radar Identification of Naval

Vessels", accepted for publication in the IEEE Transactions on

Aerospace and Electronic Systems.

O.B. Hodge, "Electromagnetic Scattering by a Circular fisc",

accepted for publication in the IEEE Trans. on Antennas and

Propagation.

A shortened version of the paper 1
T.W. Johnson and l.L. Moffatt, "Electromagnetic Scattering by an

Open Circular Waveguide",

has been resubmitted to Radio Science.

Two oral papers were presented:

T.W. Johnson and F.L. Moffatt, "Electromagnetic Scattering by an

Open Circular Waveguide", presented at the National Radio Science

Meeting ISNC/URSI, Los Angeles, June 1981.
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E.M. Kennaugh, "Canonical Electromagnetic Response Waveforms and

Their Estimation", XXth General Assembly of the International 11nion

of Radio Science, Washington D.C., August 1981.I
Two additional oral papers

D.L. Moffatt and J.S. Ragby, "Approximate Characteristic Equations

for Simple Structures", andI
D.L. Moffatt and Chun-Yue Lai, "Electromagnetic Scattering hy Loaded

£ Open Circular Waveguides",

I have been accepted for presentation at the National Radio Science

Meeting at Boulder in January, 1982.
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E. Transient Signature Measurements of Radar Targets

for Inverse Scattering Research

fResearchers: J.D. Young, Research Scientist (Phone: (614) 422-6657)

E.K. Walton, Senior Research Associate

W. Leeper, Graduate Research Associate

Accomplishments

1 1. Introduction and Rackground

The use of transient response scattering signatures in tarqet

identification and inverse scattering research has been the basis of

j several important research efforts in the past twenty years. This work

has been well summarized in the IEEE special issue of the Transactions on

IAntennas and Propagation which appeared in March lR1. Measurements of

transient signature data are tedious and time consuming, but they are a

necessary part of such research. Measured data serve to confirm the

accuracy of advanced analysis techniques and to obtain new results for

identification studies on particular targets which are too complex to

obtain computed scattering data.

A technique for making free-space measurements of target transient

Isignatures has been developed and utilized at the Ohio State Iniversity
ElectroScience Laboratory. Results of sufficient accujracy for tarqet

identification and imaging, as well as a description of the measurement

f technique, have been obtained r1,2,31.

For the i9Rn-mR1 JSEP program, it was proposed that this

I measurement system he improved and more accurate transient response data

1 75

I
- , ' - - . - - -- - -



vs. polarization he obtained for the following set of simple mptallic

shapes:

1. Sphere (reference)

2. 2:1 Right circular cylinder

3. 2:1 Right circular cylinder with one spherical cap

4. 2:1 oblate spheroid

5. 4:2:1 ellipsoid.

The above data were intended to permit analysis for the first time

on the transient polarization matrix of scattering objects.

2. Scattering Range Improvements

Several measurement range improvements were developed and tested in

preparation for the data taking. The sensing antenna pair were remounted J
in a coaxial arrangement for measurement of true hackscattering (as

opposed to the 120 bistatic angle of previous measurements). With proper

adjustment, isolation of better than 40 dR over the hand from I to 12 GHz

was obtained. A computer-controlled positioning apparatus was modified

to accommodate the target models. Since two sizes of models were used,

this involved positioning at different distances from the sensing

antennas so that comparable signal-to-noise performance could he obtained

on large and small models. A new technique for evaluatinq the accuracy

of the measurement system was developed r4l. Finally, computer software

was improved to speed up the measurement and make the acqusition,

labeling, and organization of the large bulk of measured data more

convenient.
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3. Target Construction

J Matched pairs of models with R:1 size ratios were machined from

aluminum for each shape. The largest model (sphere-capped cylinder) is

15" long by 6" diameter. Surface smoothness of <n.llX at 1? GHz was

Iachieved. A problem arose with the machining of the 4:2:1 ellipsoid.
Use of a three axis milling mechine was extensively investigated.

However, since the weight of the resulting solid aluminum model is a

i problem, it was decided to manufacture a wood target which would then

receive a highly conductive silver plating. Unfortunately, this was not

completed by the end of the effort. Measurements of the ellipsoid are

now projected for early in the 1991-R2 program.'I
4. Measured Results

Figures E-I through E-6 show measured vs. calculated sphere

backscattered fields from I to R GHz, and measured data for the sphere-

capped cylinder also. Final data conversion is now being accomplished on

all data, so that they may he published and made available on floppy

disks to other users.
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5. Swept Frequency System Adaptation to Cross Polarized

Measurements

a. Calibration target

The swept frequency system measures the return of target and

background, subtracts out the hackground, and references the raw result

to the measured return of a calibration target with a known, exact

spectrum. For the H-H and V-V polarized measurements, the natural

calibration target is a sphere. The phasor manipulation is:

EXACT SPHERE
[(TARGET + RKGRND) - RKGRNnJ * (CALIRRATION SPHERE -- KMRW

.4
In order to adapt this system to cross polarized measurements it was

necessary to find a sujitable replacement for the calibration sphere. The -1

desired characteristics of the cross polarized calibration target are (in

order of priority):

1. An available, exact cross polarized RCS J

2. A-, broadband (non-resonant) as possible in amplitude j
end phase

3. As high a backscattered signal as possible ]
4. Fit physically within the uniform field of the

horn/dish radar system.
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The possible calibration targets considered were:

1 1. a wire

2. a disc, edge-on

I3. a thin strip, edge-on

pThe wire and the disc were considered too resonant to be a suitable

reference. (See T.R.A. Senior, E.M. and Acoustic Scattering, P. 476).

The resonance of the edge-on strip could he reduced hy making it thin

enough (X/4 x 2x)*. The backscatter of the edge-on strip has

approximately the amplitude of that of the sphere of comparable size. It

Iremained to determine an exact RCS solution for the edge-on strip. Since

the geometry of the strip is so, simple a Moment Method solution could he

Iobtained with enough accuracy as to be considered exact. Therefore, it

was decided to use the strip for calibration.

h. Targets for cross polarized RCS measurements

The cylinder, spherically-capped cylinder, and prolate spheroid

tilted at angles of 150 and 3f0 from the plane of symmetry were used for

C-P targets. With such a tilt, the targets were rotated as in the

co-polarized measurements (0 rotation).

In addition, an assortment of discs, strips, and flat plates were

measured.

i
*See L. Peters, 2- Applications for Bodies with Edges in Modern G.T..

Short Course Notes, Vol. 1, Article 2.

I
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The positioning problems encountered in the co-polarized

measurements were compounded when the targets were tilted.

c. Results

To date, the cross-polarized measurement results are not in

presentable form. The raw data have been taken but not yet referenced to

the exact (Moment Method) RCS.

Measured C-P target data were in general lower, relative to

background, than in the V-V and H-H measurements, demanding greater

receiver sensitivity.

In order to generate as many spectral points as was available in the

co-polarized measurements, and thus validate smoothing, it is necessary

to supply an equal number of exact data points. As a first order check

of system viability, we are proceeding with 1/20 the number of spectral

points.

It is anticipated that the C-P results will be those predicted from

V-V, H-H.

6. Summary of Swept Frequency System J

a. Strength A

i) Speed in obtaining a large number of points in the I
frequency domain without the need for nulling out

background at each frequency. I
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ii) Phase is obtained as well as amplitude allowing for

a) Time domain transform

and

h) Centroidal smoothing

II

b. Weaknesses

Ii i) Multiple interactions between target

and background are not subtracted out.

ii) System drift (in frequency output and receiver

sensitivity) in real time between target,

background, and calibrate sphere runs is only

partially controlled.

Publications

I Moffatt, Young, Ksienski, Lin, and Rhoads, "Transient Response

Characteristics in Identification and Imaging", IEFE Trans. on

Antennas and Propagation, Vol. AP-29, #2, pp. 192-2n6.

Gross and Young, "Physical Optics Imaging with Limited Aperture

j fata", IEEE Trans. on Antennas and Propagation, Vol. AP-29, #2,

pp. 332-336.I
F.K. Walton and J.). Young, "Radar Scattering Measurements of Cones

and Computation of Transient Response", IEFE Trans. on Antennas and

Propagation, Vol. AP-29, #4, pp. 595-6nof.
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E.K. Walton, "Analysis of Accuracy of Radar Rackscatter Measurement

System Using Phasor Compensation", submitted to IEEE Trans. on

Antennas and Propagation, October 23, 1981.
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APPENDIX I

PROJECT TITLES AND ABSTRACTS

Project 529081 improvement of Antennas for Underground Radar (Terrascan)

The objective of this program is to improve the sensing head (antenna) of

J the Terrascan underground pipe detector developed previously for Columbia Gas

and manufactured by Microwave Associates.

Project 784589 Technique for Optical Power Limiting

This is a classified program.

Project 784652 An Advanced Prototype System for Locating and Mapping

Underground Obstacles

The objective of this program is to develop a portable video pulse radar

System for locating and mapping underground objects to a depth of 10-15 feet.

The emphasis is on improving signal processing techniques and optimizing system

performance to improve target resolution.

I Project 784673 Advanced Numerical Optical Concepts

The objective of this program is the development of the technology for

optical computing systems.

J Project 784701 A Synergistic Investigation of the Infrared Water Vapor

Continuum

j This study proposes a thorough 3-year investigation of the water vapor

continuum absorption in the 8 wt to 12 um and in the 3.5 um to 4.0 um

atmospheric transmission windows. This absorption has been the topic of

Iseveral previous studies. However, serious questions still remain and the need

exists for a definitive study in order to answer questions related to laser

radiation propagation through the atmosphere and also for optimization of

infrared imaging and sensor systems which depend on 10 um infrared radiation.

The Contractor will use a multiline stabilized CO2 laser and a spectrophone to

perform precision measurements of the absorption by water vapor broadened by

nitrogen, oxygen and N2 -02 mixtures. over a 1l7-27 temperature range.
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Project 710816 Block Funded Support for Electromagnetic Research

This is research in the area of electromagnetic radiation and

scattering Including: (1) extension of the Geometric Theory of

Diffraction (GTO) for convex surfaces, edges, vertices and time domain

solutions; (2) the GTO combined with the Method of Moments (MM); (3)

extension of the MM codes utilizing polygon surface current patches and

wire-patch attachment modes; (4) transient electromagnetic phenomena

including target identification, radar imagery, K-pulse techniques and

scattering from a thin, circular disk; and (5) improving the free space

scattering range at The Ohio State University ElectroScience Laboratory

to obtain accurate polarization matrix information on selected reference

targets.

Project 710964 Analysis of Airborne Antenna Patterns

The objectives of this program are to: (1) improve the aircraft model

for far field pattern computations by considering a more realistic vertical

stabilizer; (2) study various ways to model more general antenna types such as

a monopole in the presence of directors; (3) examine various flat plate

simulation codes; and (4) compare various calculated results with measurements

supplied by NASA (Langley).

Project 711353 Extending the Geometrical Theory of Diffraction Using the

Moment Method

This is a 3-year basic research program to develop the theory for further

extensions of the GTD using the moment method and to implement that theory Into

computer programs so that the usefulness of the research in various scattering

and antenna problems can be demonstrated.

Project 711639 Superdirective Arrays

The objective of this study is the development of computer codes to

analyze the performance of a circularly disposed superdirective array with the

appropriate feed network. j
)
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Project 711679 Jam Resistant Communications Systems Techniques

The objectives of this program include (1) devetopment and testing of a

bit-synchronous time-division multiple-access digital communications system

suitable for use by a large nunaiber of small (airborne) terminals in conjunction

with larger ground stations, (2) the application of adaptive arrays for up-link

anti jam protection of this system, and (3) development of techniques, circuits

and components for increased data rates, digital control, and interference

rejection in high speed digital communications systems.

Project 711930 Radar Cross Section Studies

The objective is to establish the GTO techniques required to treat the

radar cross section of missile and aircraft bodies.

Project 711964 Electrically Small Antennas

This three-year program of research into electrically small antennas has

three phases: Phase I - a basic study to develop the theory, techniques and

computer codes for electrically small antennas mounted on a general structure;

Phase 2 - a study to develop the theory, techniques and computer codes for

printed circuit antennas; and Phase 3 - a study to compare the K-Pulse concept

with more conventional techniques for increasing the maximum data rate in pulse

communications using small antennas.

Project 712242 Formulate Quasi-Optical Techniques for Antennas at UHIF

The goal of this program is to increase the electromagnetic effectiveness

of Navy ships by developing low cost, integrated, systematic EM design procedures.

Project 712257 Application of Optical Computing Techniques to Jet Engine

Control

This proqram involves the following tasks: (1) survey and document control

requirement-; for jet engines using information supplied by sponsor; (?) survey

and document the field of optical conquting ,s applied to jet engino controls;

(3) generate a report listing the various schemes and cmparinij then for speed.

Information processing capability, and ability to wlth,,tand the necessary

environmental conditions; and (4) make recommendations as to the scheme most

likely to satisfy the requirements stated in (1).
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Project 712331 Air-to-Ground Measurements, Processing and Analysis of Moving

Tactical Ground Targets

An experimental study is pToposed of the modulation induced by moving

ground vehicles on the returns of a VIIF airborne radar. Automatic target

and classification procedures developed at the ESL using ground-based data will

be extended to data obtained from the airborne radar.

Project 712527 Research on Near Field Pattern Effects

The objective is to continue present efforts on aircraft antenna computer

code development in terms of combining the volumetric pattern analysis for the

fuselage with the multiple plate solutions developed earlier. This solution

must be efficient and of a form that it can be adopted to the fuselage-wing

junction analysis treated previously.

Project 712604 A Meteorological Instrumented Range for Millimeter-Wave

Sensors

This project will investigate instrumentation required for air-to-ground

millimeter wave sensor performance measurements with emphasis on adverse weather

environments.

Project 712661 RCS Studies of Jet Intakes

This project has been separated into two phases: 1) to predict accurately

the RCS of jet intakes as a potential tool for aircraft designers; 2) to extend

the necessary experiments to be made to confirm the above predictions so that

the results would be of value in future target identification studies. These

phases can be conducted independently and useful results will be generated hy

either phase.

Prnjr.t. 712.671 The Infrar'd Spectral Analysis of cr2 C12 : Applicafin to

Atmouphrric Detection and Abundance Measurements for Planned

In-Situ Experiments

This Is a program of research to study a portion of the infrared spectrum
of the molecule CF,0 2 . Infrared spectroscopy has proved to be a very sensitive

method for detecting the presen:r of the molecule in the atmosphere, but as yet. j
little laboratory data exists to aid In determining its atmospheric abundance

from In-situ spectra. II
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Project 712680 Roof-Top Antenna Study

I This program will analyze the complex receive voltages in several loop

antennas comprisinq a roof-top direction finding system. Although the exact

building and antenna geometry are complicated, the following simplifications

will be made: 1) the loop antennas will be modeled by simple rectangular thin

wire loops, with one or two feed ports; 2) the roof-top will be modeled by a

planar L-shaped perfectly conducting ground plane. The dimensions of the L will

be chosen to roughly correspond to the outline of the roof.

Project 712684 Advanced Adaptive Antenna Techniques

Three areas of work are suggested: 1) study the effects of elemnent

patterns and signal polarization on the performance of adaptive arrays; 2)

study the perfurmmaiie of certain sophisticated janming techniques against

adaptive arrays; and 3) continue work on an adaptive array monograph.

Project 7127 2 Radar Mea'ureifwnt of Rain Cells

The purpose of this effort is to obtain a statistical charac terijiatio of

the distribution of rain attenuation along earth-space paths. This is to be

accomplished through tile simultaneous measurement of path attenuation and radar

backscatter. Supporting measurements of the path radiometric temperature arid

the ground rain rate are also proposed. The resulting data are to be analyzed

to yield information which will permit a more accurate conversion of point' rainI rate statistics to path attenuation statistics.

Project 712754 Research on Fast Semiconductor Infrared Optical Spatial

Light Modulators

The following studies will be undertaken: 1) collect data on free-carrier

absorption ot 10.6 micron light in GaAs as a function of light intensity and

wavelength of radiation in the 0.9 micron range; 2) measure free-carrier Faraday

rotation as a function of the number of carriers to determine the feasibility

of the design; 3) study the feasibility of modulating the absorption of 10.6

micron light in the transition between the heavy and light hole states; 4) design

a Numerical Optical Data processor and 5) survey domestic and foreign literature

Ii for phenomena that might be useful for optical modulation.
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Project 712759 CTS/Comstar Communication Link Characterization Experiment

The angle of arrival and gain degredation of the COMSTAR D-3 beacon will

be made until Septemsiber, 19110. Analysis of the angle of arrival and gain

degredation data will then be completed.

Project 712797 Perform Technical Measurement to Determine Whether Discriminants

Exist in the Tine/Frenuencv Domain That Will Allow Character-

ization and Classification of Ground Based Tactical Targets

Experimental measurements of the radar backscatter from a moving taLtical

ground vehicle will be made. The vehicle will be modified so as to identify

the specific source of any induced modulation in the radar return. An experi-

mental plan of operation will be developed and implemented which will allow

measurement of the radar return from the tactical vehicle under the conditions

imposed by the experiment. The basic radar used will be ,he transportable

VHF, UHF, X-band system developed at this institution.

Project 712798 ,)erive Basic Understanding of Phenomenology Inherent in EM

Scattering Characteristics of Stationary and Moving Tactical

Ground Targets

Several types of theoretical studies will be performed with the objective

of increasing the understanding of the problem of automatic identification of

a tactical ground radar target. The features of interest will include the

behavior of the stationary target as a function of frequency, and as a function

of polarization. The moving target is quite complex, and the influence of

moving substructures on the radar return must be Included.

Project 7121131 Microwavv Oven - Worst Case Probing Analysis

The purpose of this invstigation is to use numerical electrom.'qnetic

analysis technitupr to ',tudy the leakages fields of a microwave oven to detrmine

where the stronn s,'. fields exist.
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Project 712838 Investigate Sistatic Scattering Characterlstics of Moving and

Fixed Targets to Determine Whether Discriminants May Exist

That Will Allow Target Classification

S! The following is proposed: 1) design, build and test a bistatic

modification to the present truck-mounted X-band radar system; 2) develop a

test plan which will allow the measurement of the bistatic radar return of

several tactical ground vehicles; 3) carry out the test plan at an appropriate

site, coordinating the site selection and scheduling of the tactical ground

vehicles with the appropriate agency; 4) conduct preliminary analysis of the

data quality and identify appropriate target identification features of the

resulting data; and 5) prepare a final report on this task including results

of the data analysis.

Project 712861 Coal Pile Electromagnetic Sensing Rsearch

f This project involves a research program in electromagnetic subsurface

remote sensing as applied to accurate estimation of the quantity of coal In a

largt coal pile. This problem is Important to inventory control at coal fired

generating stations in the electric pow'kr industry. Coal quantity depends on

bOt. - -ity and volume of the pile. and meens for remote sensing of both of

these parameters is sought.

Project 712875 Feasibility Study of Vehicle Tracking System

ESL will conduct a demonstration to determine the feasibility of an optical

tracking system to locate the x and y positions of a point on a moving vehicle

I with an accuracy t 6 inches for both x and y positioning. 8oth Atatic and dynamic

experiments will be designed to demonstrate this resolution capability. The

experiments will be carried out on the VDA Pad using a 'ystem assefbled from

equipment currently available at the ESL. The equipment will allow us to

demonstrate one dimensional position location with the desired accuracy.

Project 712949 Leaky Ported Coaxial Cable Embedded at a Uniform Depth In

I a Lossy Half Space

It is the purpose of this research to complete our theory apv!ropriate

for a planar interface end the extension of our computer code to obtain numerical

results for the associated Propagation constants and field configurations.
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Project 712978 Antenna Technology Study

Analyze the effect of a multi-layered lossy dielectric planar surface that

coats a perfectly reflective surface. Provide computer code which implements

this analysis.

Project 312657 Study of Frequency Selective Surfaces

This study involves formulating and coding the reflection from a

multi-layered frequency selective surface composed of loaded dipoles and

dielectric slabs.

Project 713143 Analysis of Airborne Antenna Pattern Distortion Effects

Program to investigate the effects of multiple antennas within a common

radome on antenna patterns. Includes the effects of cylindrical radomes,

large ground plane associated with fuselages, and other obstacles. i.e., other

antennas.

Project 713169 EO Device Signaturt Reduction

This is a classified pro am.

Project 713176 Xenon Probe Laser for Atmospheric Studies

The objective is to construct and test a versatile laser, reqged enough

for field operation and tunable to various lines in the 2-11.3 mm range, for

use as an atmospheric probe laser.

Project 713206 Advanced RCS Reduction

This is a classified program.

Project 713302 Design of Dual Band Antennas

The Navy frequently has need for antennas which will operate at more than

one band of freqtuncie.. This project addresses the desiqn of a dual band

reflector antenna utilizing a dichroic serface design that is based on extensive

experience at the ElectroScience Lab with transparent metallic surfaczes.
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Project 713303 On-Aircraft Antennas

The objectives of this program are: 1) to develop the capability to

analytically synthseiie th, ape'rture distributiost of a cnmplex a.ina array

given it. free spa:c' rw'r field antenna pattern; 2) to test the technique

developed in item I by using simple antenna drrdys. and 3) to invesLiqatr the

accuracy of the Ge netrical Theory of Diffractionas applied to a curved surfac,,

in terms of low scattering levels associated with side lobe illumination of

such structures.

Project 713319 Measurement of Surface Ship Radar Backscatter at HF for

Target Identification Studies

The objective of this program is to develop methods to measure radar

backscatter from ships. A computer controlled radar cross section measurement

system will be configured for the task of measuring the radar cross section of

ship models.

Project 713321 Research on Near Field Pattern Effects

This study consists of the following: 1) develop a near field solution

for the volumetric pattern of an antenna mounted on a 3-dimensional fuselage

structure; 2) extend the present numerical analysis for near field principal

I plane patterns to treat multiple plates; 3) using these improved solutions

examine their validity and usefulness in analyzing various complex airborne

antenna problems; and 4) compare calculated results with measured results.

Project 312657 Study of Frequency Selective Surfaces

This study involves formulaeting and coding the reflection from a multi-

layered frequency selective surface composed of loaded dipoles and dielectric

i slabs.

( Project 713402 Microstrip Analysis Techniques

This study extends the state of the art in microstrip analysis

techniques by considering mutual coupling between microstrip antennas on

a flat strip and on a cylinder.
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Project 312661 Radome Design

The objective of this study Is to design a metallic radome to be

placed inside an existing dielectric radome.

Project 713533 Engineering Calculations for Satellite Systems Planning

The objective of this program is to enhance the computational

capability of NASA/Lewis Research Center for calculating the performance

of proposed connunications satellite systems. In particular, the effort

addresses the potential interference between services sharing a common

frequency band.

Project 713580 Radar Cross Section of Aircraft/Avionics Systems

This study involves the prediction of the RCS of selected portions

of an airframe.

Project 713581 Development of Computer Models of Large Reflectors

The objective of this study is to develop computer models to provide

design information for space-borne reflector antennas.

Project 529622 Gas Leak Detection

The objective of this program is to develop electromagnetic

techniques for the location of leaks In underground gas pipes.

Project 529623 Terrascan Improvement

The objective is the development of an improved Terrascan unit for

the location of buried pipes. Two areas are being addressed:

1) improvement of the sensor head (antenna) and 2) improvements in the

ease of operation of the unit and its adaptability to a wide range of

soil conditions.
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Project 713645 MX Physical Security System

The objective of this program is to develop electromagnetic

techniques for determining the electrical parameters of soil in situ.

I Project 713671 Conduct Exploratory Development of Millimeter Wave (t9W)

Systems Using the Targeting Systems Characterization

Facility (TSCF)

The objective of this study is to assess the effects of target and

background signatures, meteorological conditions, and sensor-to-target

geometries of the TSCF on MMW radar and radlometric measurements, to

recommend appropriate design modifications and calibration procedures and

to provide technical and computer software support for TSCF t94W

measurements.

Project 713712 Evaluation of Design Candidate Antenna

The objective of this study is to analyze the performance of a

design candidate antenna with a tunnel. Computer models are to be

j developed for the scan plane so that worst case performance can be

predicted.

I Project 312688 Geophysical Research

The objective of this program is to determine the state-of-the-art

in underground exploration using electromagnetic techniques and define a

program for an electromagnetic exploration system (EMES).

Project 713731 Data Processing of Radar Measurements

IThe objective of this program is to digitize a collection of data on

radar backscatter from moving tactical ground vehicles and store the data

[on computer compatible tape files for future processing.

[Project 71375R Basic Computer Code Development

The objective of this program Is to extend the ESL basic scatt rinn

F code to include higher-order scattering effects and impedance loaded

surfaces.
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.Project 713768 A Theoretical and Experimental Study of a Potential

Mobile System for Evaluating Electrical Parameters of the

Earth

The objective of this study is to evaluate a novel approach for

rapidly estimating the electrical parameters of the earth over a broad

frequency band.

Project 713774 The Effects of Atmospheric Water Vapor on Infrared

Propagation

The objective of this programn is to make measurements of the

absorption of infrared radiation by-pure and pressure-broadened water

vapor samples at several different frequencies using a frequency-doubled

CO2 laser. Results of these measurements are to be incorporated into an

analysis of continuum absorption as wings of strong absorption lines.

Project 713971 Computation of the Performance of an Element Antenna

Array Mounted on an Aircraft

The objective of this program is to compute the radiation patterns

of a specified set of antenna elements and a specified frequency range to

Insure adequate SINR (signal to interference plus noise ratio) over a

specified field of view. Array performance is simulated to represent an

adaptive mode of operation.

Project 714100 Navigation System Simulation

The objective of this program is to evaluate the simulation and

performance of the GPS/JTIDS Adaptive Multifunction Array antenna design.
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P roject 14u9 Support Services of Electromagnetic Design of RAM/RAS

and Non-Specular Scattering

jThis 
is a classified program.

Project 714152 Frequency Sensitive Surface (FSS)

The Purpose of this program is to design a frequency sensitive
surface (FSS) to be comprised of two or three loaded dipole arrays

sandwiched between an appropriate number of dielectric slabs.
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APPENDIX III

REPORTS PUBLISHED BY ESL OCTOBER 1980 TO OCTOBER 1981

710816-9 ELECTROMAGNETIC SCATTERING BY OPEN CIRCULAR WAVEGUIDES,
T.W. Johnson & D.L. Moffatt, December 1980. Dissertation.

710816-10 JOINT SERVICES ELECTRONICS PROGRAM, THIRD ANNUAL REPORT -
October 1979-October 1980, December 1980

710964-7 ANALYSIS OF PRIVATE AIRCRAFT ANTENNA PATTERNS - SEMIANNUAL,
W.D. Burnside, October 1980.

710964-8 GTD ANALYSIS OF AIRBORNE ANTENNAS RADIATING IN THE PRESENCE
OF LOSSY DIELECTRIC LAYERS, R.G. Rojas-Teran, August 1981.
Thesis.

711353-2 A HYBRID METHOD WHICH COMBINES A MOMENT METHOD CURRENT WITH
AN ASYMPTOTIC CURRENT, T.Z. Kim & G.A. Thiele, December 1980.
Dissertation.

711559-1 ANNULAR SLOTS WITH CARIODID-TYPE PATTERNS, Koichi Ayabe &
B.A. Munk, October 1980.

711679-5 A FOUR-PHASE MODULATION SYSTEM FOR USE WITH AN ADAPTIVE
ARRAY, Jack H. Winters, July 1981. Dissertation.

711679-6 DEPENDENCE OF ADAPTIVE ARRAY PERFORMANCE ON CONVENTIONAL
ARRAY DESIGN, Inder J. Gupta & A.A. Ksienski, August 1981.

711964-3 ELECTRICALLY SMALL ANTENNAS, SEMIANNUAL, J.H. Richmond &
C.H. Walter, January 1981.

711964-4 ELECTRICALLY SMALL ANTENNAS, SEMIANNUAL, J.H. Richmond &
C.H. Walter, July 1981.

712242-5 QUASI-OPTICAL TECHNIQUES FOR ANTENNAS AT UHF AND ABOVE,
ANNUAL, R.C. Rudduck & R.J. Marhefka, November 1980.

712242-6 QUASI-OPTICAL TECHNIQUES FOR ANTENNAS AT UHF AND ABOVE,
QUARTERLY, R.C. Rudduck & R.J. Marhefka, February 1981.

712242-7 HIGH FREQUENCY SCATTERING FROM MULTIPLE FINITE ELLIPTIC
CYLINDERS, Eric D. Greer, June 1981. Dissertation.

712242-8 QUASI-OPTICAL TECHNIQUES FOR ANTENNAS AT UHF AND ABOVE,
QUARTERLY, R.C. Rudduck & R.J. Marhefka, July 1981

712527-3 CURVED SURFACE MOUNTED ANTENNA RADIATION IN THE PRESENCE OF
PERFECTLY CONDUCTING PLATES, R.Rojas-Teran & W.D. Burnside,
May 1981.
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712527-4 RESEARCH ON NEAR FIELD PATTERN EFFECTS, FINAL, W.D. Burnside

& N. Wang, January 1981.

712604-1 A METEOROLOGICALLY INSTRUMENTED RANGE FOR MILLIMETER-WAVE
SENSORS, FINAL, C.A. Levis, E.K. Damon & 0. M. Buyukdure,
September 1981.

712684-3 THE EFFECT OF DIFFERENTIAL TIME DELAYS IN THE LMS FEEDBACK
LOOP, R.T. Compton, Jr., September 1980.

n 712664-4 ON THE PERFORMANCE OF A POLARIZATION SENSITIVE ADAPTIVE
K 3ARRAY, R.T. Compton, Jr., October 1980.

712684-5 ADVANCED ADAPTIVE ANTENNA TECHNIQUES, R.T. Compton, Jr.,
1October 1980.

712684-6 THE TRIPOLE ANTENNA: AN ADAPTIVE ARRAY WITH FULL POLARIZATION
I FLEXIBILITY, R.T. Compton, Jr., December 1980.

712684-7 ADVANCED ADAPTIVE ANTENNA TECHNIQUES, QUARTERLY, R.J. Mayhani & R.T. Compton, Jr., December 1980.

712684-8 THE EFFECT OF A PULSED INTERFERENCE SIGNAL ON AN ADAPTIVE
ARRAY, R.T. Compton, Jr., April 1981.

712692-1 MOMENT METHOD SOLUTIONS FOR RADIATION AND SCATTERING FROM
ARBITRARILY SHAPED SURFACES, Pravit Tulyathan, February 1981.I Dissertation.

712695-1 EIGENFUNCTIONS OF HERMITIAN ITERATED OPERATORS WITH APPLICATION
TO DISCRETE AND CONTINUOUS RADIATION SYSTEMS, Naoki Inagaki
& R.J. Garbacz, January 1981.

712742-1 RADAR MEASUREMENTS OF RAIN CELLS - SYSTEM CONFIGURATION
CALIBRATION, AND INITIAL RESULTS, t.B. Sun & D.B. Hodge,
March 1981.

712742-2 A STUDY OF THE MEASUREMENT OF RAINFALL BY COMBINED USE OF
RADAR, RADIOMETER, AND SATELLITE BEACON RECEIVER, C.B. Sun
& D.B. Hodge, June 1981. Thesis.

712759-1 ATMOSPHERIC MICROWAVE REFRACTIVITY AND REFRACTION, Eunyoung Yu

& D.B. Hodge, December 1980. Thesis.

712759-2 THE CTS 11.7 GHz ANGLE OF ARRIVAL EXPERIMENT, B.W. Kwan &
D.B. Hodge, January 1981.

712759-3 A MICROCOMPUTER BASED DATA ACQUISITION SYSTEM AND EXPERIMENT

CONTROLLER, Matthew W. Ganz, February 1981.

712759-4 AMPLITUDE AND ANGLE OF ARRIVAL MEASUREMENTS ON A 28.56 GHz
EARTH-SPACE PATH, D.M.J. Devasirvatham & D.B. Hodge, March
1981.
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712759-5 THE COMSTAR D/3 GAIN DEGRADATICN EXPERIMENT, T.C. Lee &
D.B. Hodge, June 1981.

712759-6 EFFECTS OF ATMOSPHERIC TURBULENCE ON MICROWAVE AND MILLIMETER
WAVE SATELLITE COMMUNICATIONS SYSTEMS, D.M.J. Devasirvatham &
D.B. Hodge, May 1981. Dissertation.

712759-7 AMPLITUDE AND ANGLE OF ARRIVAL MEASUREMENTS ON A 28.56 GHz
EARTH-SPACE PATH DURING 1979-1980, B.W. Kwan & D.B. Hodge,
June 1981.

712797-1 BASIC PHENOMENA - RADAR MEASUREMENTS OF MOVING GROUND TACTICAL
VEHICLES, F.R. Gross & E.K. Walton, March 1981.

712798-1 BASIC PHENOMENA - DATA PROCESSING AND ANALYSIS OF RADAR
MEASUREMENTS OF MOVING GROUND TACTICAL VEHICLES, E.K. Walton,
E.M. Kennaugh & F.B. Gross, March 1981.

712798-2 DETECTION AND ANALYSIS OF SIGNATURES EMBEDDED IN COHERENT VHF
AND UHF RADAR DATA FOR CLASSIFICATION OF MOVING GROUND TACTICAL
VEHICLES, J. Chen & E.K. Walton, May 1981.

712838-1 BISTATIC X-BAND RADAR MEASUREMENTS OF MOVING GROUND TACTICAL
VEHICLES, FINAL, E.K. Walton, April 1981.

712861-3 DETERMINATION OF THE PERMITTIVITY AND CONDUCTIVITY OF STOCKPILE
COAL AS A FUNCTION OF DRY DENSITY, MOISTURE CONTENT AND
FREQUENCY, Bennett Poviow, June 1981. Thesis.

712861-4 COAL PILE ELECTROMAGNETIC SENSING RESEARCH, FINAL, J. Young,
B. Povlow, J. Izadian & P. Hayes, June 1981.

712949-2 COMPUTER PROGRAM FOR SURFACE WAVES ON A BURIED COAXIAL CABLE
WITH PERIODIC SLOTS, J.H. Richmond, January 1981.

712949-3 LEAKY PORTED COAXIAL CABLE EMBEDDED AT A UNIFORM DEPTH IN A
LOSSY HALF-SPACE, FINAL, R.J. Garbacz, J.H. Richmond & N.N.
Wang, January 1981. i

712978-5 COMPUTER CODE FOR RADAR CROSS SECTION OF REFLECTOR ANTENNA
SURFACES, FINAL, R.C. Rudduck &. B. Paknys, December 1980.

713303-1 GTD ANALYSIS OF A STRIP SCATTERER IN THE NEAR FIELD OF AN
ANTENNA, Y.C. Chang, December 1980. Thesis.

713321-1 ANALYSIS OF THE CURVED JUNCTION EDGE BETWEEN A FLAT PLATE
AND A PROLATE SPHEROID, H. Chung, W.D. Burnside & N. Wang,
May 1981.

713402-1 A USER'S MANUAL FOR: ELECTROMAGNETIC SURFACE PATCH CODE (ESP),
E.H. Newman, July 1981.
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713580-1 SUMMARY OF ANALYSIS OF THE RO-1 AIRCRAFT FOR ROCKWELL
INTERNATIONAL, June 1981.

713603-1 SOPHISTICATED JAMMERS AND ADAPTIVE ARRAYS, QUARTERLY,
R.T. Compton, Jr., July 1981.

713603-2 A STUDY OF EIGENVALUE BEHAVIOR IN ADAPTIVE ARRAYS, K.J. Suen,
August 1981. Thesis.

713603-3 SOPHISTICATED JAMMERS AND ADAPTIVE ARRAYS, QUARTERLY,
I R.T. Compton, Jr., September 1981.

529081-4 ANTENNA DEVELOPMENT FOR PIPE LOCATING RADAR SYSTEMS, FINAL,
J.D. Young, December 1980.

529622-1 IDENTIFICATION OF LEAKS RESEARCH, QUARTERLY, J.D. Young &
A.K. Dominek, July 1981.
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APPENDIX IV

ESL PAPERS PUBLISHED OCTOBER 1980 TO OCTOBER 1981

ON THE ACCURACY OF THE TRANSMISSION LINE MODEL OF THE FOLDED DIPOLE, G.A.
Thiele, E.P. Ekelman, Jr. and L. W. Henderson, Reprinted in IEEE Trans-
actions on Antennas and Propagation, AP-28, No. 5, pp. 700-703, September
1980.

ANALYSIS OF A MONOPOLE MOUNTED NEAR OR AT THE EDGE OF HALF-PLANE, D.M.
Pozar and E.H. Newman, Reprinted in IEEE Transactions on Antennas and
Propagation, AP-29, No. 3, pp. 488-495, May 1981.

*ANALYSIS OF MICROSTRIP ANTENNAS USING MOMENT METHODS, E.H. Newman and
P. Tulyathan, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-29, No. 1, pp. 47-53, January 1981.

ON THE APPLICATION OF THE GTD-MM TECHNIQUE AND ITS LIMITATIONS, J.N. Sahalos
and G.A. Thiele, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-29, No. 5, pp. 780-786, September 1981.

COMMENTS ON "CURRENTS INDUCED IN A WIRE CROSS BY A PLANE WAVE INCIDENT AT
AN ANGLE", E.L. Pelton and B.A. Munk, Reprinted in IEEE Transactions on
Antennas and Propagation, AP-29, No. 3, pp. 520-522, May 1981.

COMSTAR AND CTS ANGLE-OF-ARRIVAL MEASUREMENTS, R.A. Baxter, D.M.J.
Devasirvatham, B.W. Kwan and D.B. Hodge, Reprinted in Extrait ANNALES DES
TELECOMMUNICATIONS, tome 35, Nos. 11-12, pp. 479-481, November-December 1980.

ON THE EDGE MODE IN THE THEORY OF THICK CYLINDRICAL MONOPOLE ANTENNAS,
J.H. Richmond, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-28, No. 6, pp. 916-921, November 1980.

ON THE EDGE MODE IN THE THEORY OF TM SCATTERING BY A STRIP OR STRIP GRATING
J.H. Richmond, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-28, No. 6, pp. 883-887, November 1980.

* THE EFFECT OF DIFFERENTIAL TIME DELAYS IN THE LMS FEEDBACK LOOP, R.T.
Compton, Jr., Reprinted in IEEE Transactions on Aerospace and Electronics
Systems, AES-17, No. 2, pp. 222-228, March 1981.

THE EFFECT OF INTEGRATOR POLE POSITION ON THE PERFORMANCE OF AN ADAPTIVE
ARRAY, R.T. Compton, Jr., Reprinted in IEEE Transactions on Aerospace and
Electronic Systems, AES-17, No. 4, pp. 598-602, July 1981.

A HYBRID TECHNIQUE FOR COMBINING THE MOMENT METHOD TREATMENT OF WIRE
ANTENNAS WITH THE GTD OF CURVED SURFACES, E.P. Ekelman and G.A. Thiele,
Reprinted In IEEE Transactions on Antennas and Propagation, AP-28, No. 6,
pp. 831-839, November 1980.

*Supported by JSEP. H
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IMPROVED PERFORMANCE OF SUBSURFACE RADAR TARGET INDENTIFICATION SYSTEM
THROUGH ANTENNA DESIGN, L.C. Chan, L. Peters, Jr. and D.L. Moffatt,
Reprinted in IEEE Transactions on Antennas and Propagation, AP-29, No. 2,
pp. 307-311, March 1981.

THE K-PULSE CONCEPT, E.M. Kennaugh, Reprinted in IEEE Transactions on
Antennas and Propagation, AP-29, No. 2, pp. 327-331, March 1981.

OPENING REMARKS, E.M. Kennaugh, Repr4nted in IEEE Transactions on Antennas
and Propagation, AP-29, No. 2, pp. 190-.91, March 1981.

IOPTIMUM FREQUENCIES FUR AIRCRAFT CLASSIFICATION, H. Lin and A.A. Ksienski,
Reprinted in IEEE Transactions on Aerospace Electronics Systems, AES-17,
No. 5, pp. 656-665, September 1981.

ON THE PERFORMANCE OF A POLARIZATION SENSITIVE ADAPTIVE ARRAY, R.T. Compton,

Jr., Reprinted in IEEE Transactions on Antennas and Propagation, AP-29,
No. 5, pp. 718-725, September 1981.

PHYSICAL OPTICS IMAGING WITH LIMITED APERTURE DATA, F.B. Gross and J.D.
Young, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-29, No. 2, pp. 332-335, March 1981.

POLARIZATION DEPENDENCE OF RCS - A GEOMETRICAL INTERPRETATION, E.M
Kennaugh, Reprinted in IEEE Transactions on Antennas and Propagation,
AP-29, No. 2, pp. 412-413, March 1981.

PROPAGATION OF SURFACE WAVES ON A BURIED COAXIAL CABLE WITH PERIODIC SLOTS,
J.H. Richmond, N.N. Wang and H.B. Tran, Reprinted in IEEE Transactions on
Electromagnetic Compatibility, EMC-23, No. 3, pp. 139-146, August 1981.

I RADAR SCATTERING MEASUREMENTS OF CONES AND COMPUTATION OF TRANSIENT RESPONSE,
E.K. Walton and J.D. Young, Reprinted in IEEE Transactions on Antennas and
Propagation, AP-29, No. 4, pp. 595-599, July 1981.

*RAMP RESPONSE RADAR IMAGERY SPECTRAL CONTENT, D.L. Moffatt, Reprinted in
IEEE Transactions on Antennas and Propagation, AP-29, No. 2, pp. 399-401,
March 1981.

A SAMPLED DATA DELAY-LOCK LOOP IMPLEMENTED AS A KALMAN PREDICTOR, H.E.
Elits, Reprinted in IEEE Transactions on Aerospace and Electronics Systems,
AES-16, No. 6, pp. 800-810, November 1980.LI SOME EFFECTS OF THE CIRCUMFERENTIAL POLARIZATION OF CURRENT ON THIN-WIRE
ANTENNAS, E.H. Newman, M.R. Schrote, A.R. Djordjevic, B.D. Popovic and
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